Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


I 


PROCEEDINGS 


OI-  THL 


Indiana  Academy  of  Science, 


1894. 


EHITORIAL  COMMITTEE. 

STANLEY  COUI.TKR,  R.   ELLSWORTH  CALL, 

J.  C.  ARTHUR,  A.  WILAAER  DUFF. 


INDIANAK»LIS.  IND.. 
Oc-.TOBKP.  i8i)s. 


INDIANAPOLIS.  IND. 

Wm.  B.  Huriokd.  Printlr. 

189s. 


TABLE  OF  CONTENTS. 


Paob. 

Act  to  ProTitle  for  the  Pabli<.*ation»  of  the  ProceedinKi        4 

OtBcers  laW-liS      6 

Coinmitteef  l»94-95 7 

Complete  Li?t  of  Officers 8 

Conj>titation 9 

By-I^w» 10 

Liet  of  McmVteni     11 

Tenth  Annual  Meetintr      16 

Field  Meeting  of  18»5  .  .                16 

Proceedings  of  the  Winter  Meeting,  1894  .  .          17 

President's  Addrens     17 

Pa  per?  read 27 

Biological  Survey      144 

Botany            144 

List  of  Additfons  to  the  State  Flora 147 

Host  Plants  of  Fungi IM 

Parasitic  Fungi  Distributed 154 

Flora  Hamilton  and  Marion  Counties 156 

Index 179 


ILLUSTRATIONS. 


Krsfiration  Appabatus 62 

Akthub's  Cbmtrikuuai.  Apparatus 63 

Oa8  Thambrb  fob  Microhcopr  Stags 63 

<Ilak8  Slide  with  Bixdimo  Pohtb 64 

Darwin  Awn  Hygbomrtbr  .  .         64 

Darwin  Awn  Hy<;romictkr  in  Usk 64 


An  Act  to  provide  for  thk  publication  of  the  reports  and  papku^  of 

THE  Indiana  Academy  of  Science. 

[Approved  March  11,  1805.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered  scien- 
tific awjociation,  haH  embodied  in  its  conBtitution  a  provision  that  it     Preaui»>lr. 
will,  upon  the  recjuest  of  the  Governor,  or  of  the  several  departments 
of  the  State  government,  through  the  Governor,   and  through  its  council  as  an 
advisory  body,  assist  in  the  direction  and  execution  of  any  investigation  within 
its  province,  without  pecuniary  gain  to  the   Academy,  provided  only  that  the 
neceiisary  expenses  of  such  investigation  are  borne  by  the  State,  and, 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  several 
papers  read  before  it,  have  very  great  educational,  industrial  and  economic  vahu-. 
and  should  be  preserved  in  permanent  form,  and, 

Whereas,  The  Constitution  of  the  State  makes  it  the  dutv  of  thelienerul 
Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and  at^riciil- 
tural  improvement,  therefore, 

StX-TioN  1.  Be  it  enacted  by  the  Gfruiral  A»^emhl]i  of  the  State  of 
Indiana^  That  hereafter  the  annual  reports  of  the  meetings  of  the  Publi«ati(»ii 
Indiana  Academy  of  Science,  beginning  with  the  report  for  the  year  of  the  Indi- 
1894,  including  all  papers  of  scientific  or  economic  value,  presented  "? ^vJf,!^„,?J"^ 
at  such  meetings,  after  they  shall  have  been  edited  and  prepared 
for  publication  as  hereinafter  provided,  shall  be  published  by  and  untler  the  di- 
rection of  the  (.'ommissioners  of  Public  Printing  and  Binding. 

Sec\  2.     Said  reports  shall  be  edited  and  prepared  for  publication 
without  expense  to  the  State,  by  a  corps  of  editors  to  be  selected  and     Ejitju., 
appointed  by  the  Indiana  Academy  of  Science  wh  >  shall  not.  by  reason       report*. 
of  such  services,  have  any  claim  against  the  State  for  compensation. 
The  form,  style  of  binding,  paper,  typography  and  manner  ajid  extent  of  illu>t ra- 
tion of  such  reports,  shall  be  determined  by  the  editors,  subject  to  the  approval  of 
the  Commissioners  oi  Public  Printing  and  Stationery.     Not  less  than 
1,500  nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  juib-     Nnniber  ff 
lished,  the  size  of  the  edititm  within  said  limits,  to  be  determined  by       rep«jrt?. 
the  concurrent  action  of  the  editors  and  the  Commissioners  of  Public 
Printing  and   Stationery:     Provided^    That   not   to   exceed   six    hundred   dollars 
($G00)  shall  be  expended  for  such  publication  in  any  one  year,   and 
not  to  extend  beyond  1896:     Provided^  That  no  sums  shall  be  deemc<l     Provis". 
to  be  appropriated  for  the  year  1894. 

Sec.  3.     All  except  three  hundred  coj)ies  of  each  volume  of  said 
reports  shall  be  placed  in  the  custoily  of  the  State   Librarian,  who     j)i.,,„,^jtio,i 
shall  furnish  one  copy  thereof  to  each   public  library  in  the  State,       ff  reports. 
one  copy  to  each  university,  college  or  normal  school  in  the  State, 


i>iie  i-opy  to  each  high  school  in  the  State  having  a  library,  which  shall  make 
application  therefor,  and  one  copy  to  such  other  institutions,  societies  or  persons 
as  may  be  designated  by  the  Academy  through  its  editors  or  its  council.     The 
remaining  three  hundred  copifes  shall  be  turned  over  to  the  Academy  to  be  dis- 
posed of  as  it  may  determine.     In  order  to  provide  for  the  preservation  of  the 
same  it  shall  l)e  the  duty  of  the  Custodian  of  the  State  House  to  provide  and 
pla<*e  at  the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
iiouse,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science,  wherein 
«aicl  copies  of  said  reports  belonging  to  the  Academy,  together  with  the  original 
manuM-'ripts,  drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also  equip 
the  same  with  the  necessary  shelving  and  furniture. 

Sec.  4.     An  emergency  is  hereby  declared  to  exist  for  the  im- 
mediate taking  effect  of  this  act,  and  it  shall  therefore  take  effect     Emergency. 
and  l>e  in  force  from  and  after  its  passage. 
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C.    H.   ElGENMANN, 


FINANCE. 


Stanley  Coulti  r. 


cc 


a: 

X 

-< 


at: 
as 


cc 


c 


Z 


Of 


X 


a; 


•  ■  •  •  • 

o    c    c    o    c 


1> 


c 

X 


-  b     = 


2-  * 


B 


:u     0. 


1) 


. .  _  I 


H  i 

r. 


In 

u 

li« 

U 

fc« 

u 

u 

b 

4/ 

3; 

0/ 

C) 

C/ 

^ 

0/ 

^ 

♦J 

^i^ 

^Wi« 

^'^ 

^wi« 

•  ■ 

^ 

*j 

^^ 

^tf 

«-« 

*i> 

^^ 

«rf 

«ik 

,_^ 

p« 

p4 

*^ 

mm 

■^ 

P" 

• 

bC 

9^ 

:Q 

tt 

*MS 

^^ 

:q 

« 

AA 

^^ 

— 

i. 

> 

■ 

• 

• 

• 

• 

• 

^^ 

:? 

> 

s: 

is 

^ 

p^ 

is 

'f- 

vm 

■ 

X 

s 

£ 

O 

X 

s 

3 

£ 

• 

r» 

s 

'» 

.c 

f* 

B 

*■ 

^B 

mm 

*■ 

•■ 

^ 

•-• 

.**• 
« 

< 

■0f 

< 

;-^ 

•-s 

X 


u 


B 


X       wl 


•r       E 


c 


c        *- 


B 


^ 


«^.         B 


X 


^  Of 


B         I 


'f 

1^ 

X 

1 

^  • 

i 

«-» 

-.' 

•  * 
1 

*r 

1 

i.C 

.-, 

1^ 

X 

1 

o 

^, 

c< 

•r 

X 

or. 

y. 

X 

X 

31 

^m» 

^^ 

X 

X 

X 

X 

X 

1-^ 

X 

1-^ 

X 

X 

X 

X 

CONSTITUTION. 


ARTICLE  I. 


Sec:tiox  1.     This  Association  shall  be  called  the  Indiana  Academy  of  S<aence. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and  the 
-^liffiision  of  knowledge  concerning  the  various  departments  of  science;  to  promote 
intercourse  between  men  engaged  in  scientific  work,  especially  in  Indiana;  to 
assist  by  investigation  and  discussion  in  developing  and  making  known  the 
material,  educational  and  other  resources  and  riches  of  the  State;  to  arrange  and 
prepare  for  publication  such  reports  of  investigation  and  discussions  as  may  fur- 
ther the  aims  and  objects  of  the  Academy  as  set  forth  in  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceedings,  the 
Academy  will,  upon  recjuest  of  the  (Jovernor,  or  of  one  of  the  several  depart- 
mentis  of  the  State,  through  the  (iovemor,  act  through  its  council  as  an  advisory 
body  in  the  direction  and  execution  of  any  investigation  within  its  province  as 
statefl.  The  necessary  expenses  incurred  in  the  prosecution  of  such  investigation 
are  to  be  borne  by  the  State ;  no  pecuniary  gain  is  to  come  to  the  Academy  for  its 
advice  or  direction  of  such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State  shall 
l»efome  a  public  document. 

ARTICLE  II. 

Section  L  Members  of  this«Academy  shall  be  honorary  fellows,  fellows, 
non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or  in 
original  research  in  any  department  of  science,  shall  be  eligible  to  active  mem- 
bership. Active  members  may  be  annual  or  life  members.  Annual  members 
may  Ik?  elected  at  any  meeting  of  the  Academy;  they  shall  sign  the  constitution, 
pay  an  admission  fee  of  two  dollars,  and  thereafter  an  annual  fee  of  one  dollar. 
Any  person  who  shall  at  one  time  contribute  fifty  dollars  to  the  funds  of  this 
Academv,  mav  l>e  elected  a  life  member  of  the  Academv,  free  of  assessment. 
Non-resident  members  may  be  elected  from  those  who  have  been  active  mem})ers 
but  who  have  removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the 
members  present  shall  elect  to  membership.  Applications  for  membership  in  any 
of  the  foregoing  classes  shall  be  referred  to  a  committee  on  application  for  mem- 
Itership,  who  shall  consider  such  application  and  report  to  the  Academy  Iwfore 
the  election. 

Sec.  3.  The  members  who  arc  actively  engaged  in  scientific  work,  who  have 
recognized  standing  as  scientific  men  and  who  have  been  members  of  the  Academy 
at  least  one  year,  may  be  recommended  for  nomination  for  election  as  fellows  by 
three  fellows  or  members  personally  accjuainted  with  their  w<»rk  and  character. 
Of  members  so  nominated  a  number  not  exceeding  five  in  one  year  may,  on 
recommendation  of  the  Executive  Committee,  be  elected  as  fellows.  At  the  meet- 
ing at  which  this  is  adopted  the  meml)ers  of  the  Executive  Committee  tor  IH\)4 
an«J  fifteen  others  shall  be  elccte<l  fellows,  and  those  now  honorary  members  shall 
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Ixeooine  lionorarv  fellows.  Honorary  fellowti  may  be  elected  on  account  ot  Mpi^-ial 
prominence  in  science,  on  the  written  recommendation  of  two  members  of  the 
Acndemv.     In  anv  case  a  three-fourths  vote  of  the  members  prest^it  shall  elect. 

ARTICLK  III. 

SKiTioN  1.  The  officers  of  this  Academy  shall  be  chosen  bv  ballot  at  the 
annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a  president, 
vice-president,  sc^cretary,  assistant  secretary,  and  treasurer,  who  shall  perform 
the  duties  UNually  pertaining  to  their  respective  offices,  and  in  addition,  with  the 
ex-presidents  of  the  Academy,  shall  constitute  an  executive  committee.  The 
president  shall,  at  each  annual  meeting,  appoint  two  members  to  be  a  committee 
which  shall  prepare  the  programmes  and  have  charge  of  the  arrangements  for  a'l 
meetings  for  one  year. 

iSEC.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city  of 
Indianapolis,  within  the  week  following  Christmas  of  each  year,  unless  otherwise 
ordered  by  the  executive  committee.  There  shall  also  be  a  summer  meeting  at 
such  time  and  place  as  may  be  decided  u|)on  by  the  executive  committee.  Other 
meetings  may  be  called  at  the  discretion  of  the  executive  committee.  The  past 
president!*,  together  with  the  officers  and  executive  committee,  shall  constitute  the 
('ouncil  of  the  Academy,  and  represent  it  in  the  transaction  of  any  necessary 
business  not  specially  provide<l  for  in  this  constitution,  in  the  interim  between 
general  meetings. 

Sec.  -i.  This  constitution  may  be  altered  or  amended  at  any  annual  meeting 
by  a  three-fcmrths  majority  of  attending  members  of  at  least  one  year's  standing. 
No  question  of  amendment  ahall  be  decided  on  the  day  of  its  presentation. 


BY-LAWS. 

1.  On  motion,  any  special  department  of  science  shall  be  assigned  to  a  cura- 
tor, whose  duty  it  shall  be,  with  the  assistance  of  the  other  members  interested  in 
the  same  department,  to  endeavor  to  advance  knowledge  in  that  particular  de- 
partment. F^ach  curator  shall  report  at  such  time  and  place  as  the  Academy 
shall  direct  These  reports  shall  include  a  brief  summary  of  the  progress  of  the 
department  during  the  year  preceding  the  presentation  of  the  report. 

2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one  of  the 
days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice  of  the 
same  having  been  sent  to  the  address  of  each  member  at  least  fifteen  days  before 
such  meeting. 

4.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed  by  the 
president  and  countersigned  by  the  secretary. 

o.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two  years,  hav- 
ing lu'en  annually  notified  of  their  arrearage  by  the  treasurer,  shall  have  their 
names  stricken  from  the  roll. 

(5.     Ten  members  shall  constitute  a  quorum  for  the  tran^action  nf  business. 


MEMBERS. 


HONORARY  FELLOW. 
^Daniel  Kirk  wood      Riverside,  Cal. 


FELLOWS. 

J.  C.  Arihur LafavetU?. 

P.  S.  Baker Oreencastle. 

W.  S.  Blatchley Indianapolis. 

J.  C.  Branner .    .    .    .      Palo  Alto,  Cal. 

A.  W.  Butler Brookville. 

R.  E.  Call Cincinnati,!). 

J.  K  Campbell Crawfordsville. 

John  M.  Coulter Lake  Forest,  111. 

Stanley  Coulter I^fayett^;. 

H.  T.  Eddy  Minneapolis,  Minn. 

C.  H.  Eigenmann Bloom ington. 

W.  F.  M.  G088 i^afayette. 

Thos.  Gray Terre  Haute. 

O.  P.  Hay Chicago,  111. 

H.  A.  Huston Lafayette. 

J.  P.  D.  John Grecncastle. 

D.  S.  Jordan Palo  Alto,  Cal. 

V.  F.  Marsters Bloomington. 

C.  L.  Mees Terre  Haute. 

T.  C.  Mendenhall Hoboken,  N.  J. 

D.  M.  Mottier Bloomington. 

W.  W.  Norman Austin,  Texas. 

W.  A.  Noyes Terre  Haute. 

J.  T.  Scovell Terre  Haute. 

W.  P.  Shannon Greensburg. 

Alex.  Smith Chicago,  III. 

AV.  E.  Stone Lafayette. 

M.  B.  Thomas Crawfordsville. 
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TENTH    ANNUAL   MEETING    OF    THE   INDIANA 

ACADEMY   OF   SCIENCE. 


The  tenth  annual  nieetinjij  of  the  Indiana  Academy  r>f  Science  was  held  in 
Indianapolis,  Deceniher  27  and  2S,  18l>4,  preceded  hy  a  session  of  the  Executive 
CVunmittee  of  the  Academy,  8  i\  m.,  Oecemher  26. 

The  Academy  met  in  general  session,  \t  A.  M.,  I>eceniher  27,  at  which  com- 
mittees were  appointed  and  various  other  husiness  transacted,  after  which  there 
was  an  adjournment  until  2  r.  m.,  whereupon  it  met  in  two  sections — biological 
and  physico-ciiemical  —  tor  the  reading  ami  discussion  of  papers.  After  adjourn- 
ment of  the  sectional  meetings,  at  o  r.  m  ,  the  Academy  again  met  in  general 
session  at  7  v.  M.,  for  the  address  of  the  retiring  ]*resident,  Pn)f.  W.  A.  Xoyes* 
subject,  "Lavoisier." 

December  28,  1>  a.  m.,  the  .Vcademy  met  in  general  session  for  the  transaction 
of  business,  after  which  followed  the  reading  and  discussion  <»f  papers  until 
adjournment  at  1  r.  M. 

After  the  adjournment  of  the  Academy  the  K.xecutive  Committei»  met  with  a 
coDiuiitt(*e  of  the  Science  Club  of  Indianapolis  to  discuss  the  publication  of 
the  proceedings  of  the  Academy  by  the  State. 

FlKMl    MEKTINVi    OF    ISIJ.'). 

The  1895  FieM  Meeting  of  the  Indiana  Academy  of  S<ience  was  held  at 
Wyandotte  Cave  May  !''>,  IJJ  and  17.  The  business  session  of  the  meeting  was 
held  at  8  i:  M.,  May  lo.  In  the  absence  of  the  President  and  tiie  V ire- President, 
I)r.  P.  S.  Haker  acted  as  chairman.  Tin*  remaining  time  of  the  meeting  was 
spent  in  the  field. 
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WINTER   MEETING. 
Indianapolis,  Deckmkek  27  and  28,  1894. 


PRESIDENT'S  ADDRESS. 


Lavojpier. 
By  W.  a.  Noye8. 


On  May  8,  of  this  year  was  the  centennial  of  the  execution  of  a  man  who 
iDflaenced  profoundly  the  development  of  scientific  knowledge.  To  Antoine 
Laurent  Lavoisier  belongs  chiefly  the  honor  of  the  saying  that  "Chemistry  is  a 
French  science. ''  a  saying  which  possesses  a  certain  amount  of  truth,  though  it 
does  injustice  .to  much  good  work  done  elM.>where,  and  is  entirely  false  as  regards 
the  present  condition  of  the  science. 

During  many  centuries,  8uch  workers  in  chemistry  as  there  were  followed 
mostly  a  vain  search  after  gold  and  after  the  elixir  of  life.  During  this  period 
of  sordid  aim  many  facts  were  discovered,  but  little  real  progress  was  made,  for 
facts  do  not  constitute  a  science.  Then,  for  another  century,  chemistry  was  pur- 
sued mainly  in  connection  with  the  study  of  medicine  with  the  thought  that  the 
science  would  hold  in  its  grasp  the  secret  of  all  disease  and  its  cure.  During  this 
period,  too,  there  was  some  progress,  for  the  aim  was  a  little  less  sordid  and  base, 
and  somewhat  more  rational  means  were  used,  but  the  chemistry  of  that  day,  very 
much  like  a  good  deal  of  the  medical  science  even  of  to-day,  labored  under  the 
difficulty  of  being  an  applied  science  without  any  satisfactory  foundation  in  pure 
sc.*ience.  As  in  all  huch  cases,  the  science  was  constantly  confronted  with  the 
necessity  of  doing  something  immediately,  when  it  had  nothing  but  the  crudest 
empiricism  to  guide  it.  The  best  deductions  which  were  possible  were  made  from 
a  few  and  very  imperfect  data,  and  the  conclusions  were  very  often  in  error. 
Often  years,  or  even  centuries  of  experience  are  required  for  the  discovery,  by 
such  methods,  of  the  right  course  of  procedure,  which  may,  later,  be  known  as  a 
simple  corollary  from  a  single  principle  of  pure  science. 

Pure  science  belongs  to  all  time,  and  can  wait  for  a  factor  a  principle  till  the 
time  is  ripe  for  its  discovery.  Applied  science  is  essentially  ephemeral,  and  must 
have  to-day  the  best  it  can  get.  If  it  can  not  find  certain  knowledge  it  must  guess 
to  the  best  of  its  ability.  And  so  it  follows  that  only  those  forms  of  applied 
science  which  follow  in  lines  of  pure  science  make  great  and  lasting  progress. 
2 
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Nowhere  has  this  been  more  clearly  evident  than  in  the  development  of  chemistry. 
Medicine^  during  the  era  of  medical  chemistry,  probably  killed  more  of  its  patients 
than  it  cured,  and  the  applied  chemistry  of  to-day  makes  greater  advances  in  a 
decade  than  were  made  during  whole  centuries  of  empiriciHUi, 

It  is  scarcely  more  than  two  centuries  since  a  few  men  first  began  to  search 
into  the  composition  of  bodies  with  the  pure,  high  aim  of  an  endeavor  to  extend 
hunuin  knowledge.  From  this  |»eriod  dates  the  beginning  of  chemistry  as  a  pure 
science,  and  in  this  sense  those  who  refer  the  l)eginning  of  chemistry  to  Lavoisier 
do  inju«itiee  to  such  men  as  lioyle.  Stahl,  Hlack,  Schcele,  Priestly.  Cavendish  and 
raanv  others. 

These  men  worked  with  the  same  spirit  and  purpose,  and  often  in  the  face  of 
far  great^^r  diHiculties  than  those  which  later  workers  were  compelled  to  face. 
These  were  the  real  pioneers  of  pure  chemistry. 

In  the  hands  of  these  workers  we  find  for  the  first  time  in  the  science  one  of 
the  best  and  highest  characteristics  of  any  pure  science,  the  proiH>sal,  develop- 
ment and  general  acceptance  of  an  im}H)rtaiit  theory — a  theory  which  coordinated 
and  explained  from  one  point  of  view  many  and  diverse  phenomena — a  theory 
conceived  in  a  pure  philosophical  spirit— one  step  in  the  constant  endeavor  of  the 
highest  minds  to  tear  away  from  bi*fore  our  eyes  the  things  which  are  fortuitous 
and  misleading  and  to  get  a  little  closer  to  the  realities  which  lie  at  the  basis  of 
all  material  existence.     I  refer,  of  course,  to  the  theory  of  phlogiston. 

In  outward  appearance  ordinary  combustion  is  of  the  nature  of  a  decompo- 
sition and  this  view  of  the  phenomena  was  held  from  the  earliest  times.  Build- 
ing, as  every  foun<ler  of  a  theory  must,  on  the  best  knowledge  which  was  pos- 
sessed, and  recognizing  the  close  connection  between  the  oxidation  of  metals  and 
ordinary  combustion  the  chemists  of  this  time  propo8e<l  the  theory  that  all  bodies 
capable  of  combustion  or  oxidation  contain  a  common  substtince  or  principle 
called  phlogiston,  and  that  combustion  consists  in  the  escape  of  the  phlogist4»n 
leaving  iK'hind  that  with  which  it  was  combined. 

Id  accordance  with  this  view,  wood,  charcoal  and  similar  substances  are  rich 
in  phl(»giston  and  mostly  disappear  in  burning.  Metals  are  composed  of  phlogis- 
ton and  the  metallic  calex  or  what  we  now  know  as  the  oxide — the  metal  being 
considere<l  compound  and  the  oxide  as  one  of  its  parts. 

At  the  time  when  the  theory  was  proposed  and  dcvelo()ed  it  gave  a  quite  satis- 
factory explanation  of  most  of  the  phenomena  then  known.  It  served  as  a  means 
of  bringing  together  under  one  ]>oint  of  view  very  many  and  diverse  facts  and  of 
coordinating  them  all  under  a  system  which  was  clear  and  intelligible.  As  new 
facts  were  discovered  they  were  explained  and  systematized  as  far  as  possible  in 
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4ci>ordance  with  the  theory.     And  so  it  happened  that,  while  the  theory  contained 
mlj  a  partial  truth,  and  even  that  half-truth  was  so  badly  distorted  that  we  have 
fome  dirticulty  even  now  in  recognizing  it,  the  development  of  the  science  was 
comparatively  rapid  during  this  period.     And  we  may  be  sure  that  this  theory 
furnishes  one  important  reaM>n  why  chemistry  made  more  progress  during  the 
century  of  its  proposal,  development  and  general  acceptance  than  during  many 
«?ntiiries  before.     But.  as  often  hap|)ens,  a  theory  which  was  extremely  valuable 
for  a  time  and  which  was  probably  the  best  which  the  8(*ience  of  its  day  was 
capable  of  accepting,  outlived  its  usefulness  and  was  generally  believed  after  the 
facu  necessary  for  its  overthrow  had  been  discovered.     At  such  times  there  comes 
iht*  necessity  for  a  man  with  a  profound  reverence  for  facts  as  of  supreme  import- 
ana'  and  as  beyond  and  underlying  all  theories — a  man,  too,  with  great  power  to 
>€e  through  all  external  phenomena  apd  gras}>  their  true  explanation  in  spite  of 
any  preconceived  notion  or  any  theory  no  matter  how  generally  accepted.     I 
think  it  not  without  significance  that  the  man  who  could  do  all  this  for  chemistry 
va«  produced  in  France  during  that  period  before  the  revolution  when  the  country 
was  full  of  the  fermentation  of  those  ideas  which  led  to  that  tremendous  revolt 
af^ainst  all  forms  of  dogmatism  and  authority  when  men  were  ready  to  question 
ideaR  and  beliefs  which  had  been  held  sacred  for  centuries  and  when  the  feeling 
was  prevalent  that  all  knowledge  and  even  all  forms  of  society  must  be  torn  down 
and  rebuilt  from  the  verv  foundations. 

Lavoisier  wa^s  a  fit  product  of  such  an  age-  a  man  capable  of  proposing  a 
heresy  in  the  face  of  all  orthodox  scientists  and  with  the  ability,  too,  to  prove,  in 
the  end,  that  his  heresv  was  true  and  orthodox v  was  false. 

Lavoisier  was  born  in  1748.  His  father  was  a  wealthy  merchant,  who  was, 
himself,  interested  in  science,  and  personally  acquainted  with  some  of  the  most 
noted  f*cientific  men  of  Paris.  The  son  received  a  thorough  education  under  the 
l»est  teachers  of  the  city.  He  seems  to  have  been  especially  interested  in  mathe- 
matic*i  and  cheniistrv,  but  studied  carefullv  other  sciences  as  well.  He  was  first 
known  to  the  scientific  world  through  his  competing,  when  21  years  old,  for  a 
prixe  offered  by  the  French  government  for  the  best  method  of  lighting  a  great 
city.  The  prize  of  two  thousand  livres  w^as  awarded  to  Lavoisier,  but  he  caused 
the  money  to  be  divided  between  three  of  his  competitors  to  repay  them  for  their 
outlay  in  making  experiments.  He  received,  however,  through  the  French 
Academy,  a  medal  granted  him  by  the  king  in  recognition  of  his  services,  and  it 
was  largely  in  consideration  of  this  work  that  he  was  chosen  a  member  of  the 
Academy  at  the  early  age  of  twenty-five.  While  Lavoisier  devoted  most  of  his 
lime  and  energy  to  the  prosecution  of  researches  in  pure  science  he  seems  always 
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to  have  retained  a  lively  interest  in  technical  applications  of  scientihc  knowleilge. 
and  often  rendered  valuable  services  to  his  country  in  such  matters.  For  a  long 
time  he  had  oversight  of  the  manufacture  of  saltpeter  and  gunpowder  for  the 
French  government,  sind  it  is  remarke<i  that  during  this  period  the  gunpowder  of 
France  was  the  best  in  the  world,  while  after  his  death  it  became  much  inferior. 
We  can  scarcely  find  a  ))etter  answer  to  those  who  would  have  us  think  that  an 
interest  in  technical  applications  is  lieneath  the  dignity  of  those  who  are  devoted 
to  the  development  of  the  higher  departments  of  science.  We  find,  on  the  con- 
trary, that  scientific  men  of  the  very  highest  rank  have  shown  great  interest  in 
the  material  advantages  which  would  result  from  their  discoveries  and  have 
frequently  taken  time  for  the  careful  study  of  technical  problems.  While  the 
absorbing  consideration  of  material  results,  which  is  required  of  those  who  are 
engaged  in  technical  pursuits,  is  undoubtedly  incompatible  with  any  high  scientitie 
attainment,  1  believe  that  the  scientist  who  occasionally  studies  carefully  and 
thoroughly  some  technical  application  of  his  science  will  find  that  his  mental 
horizon  has  been  broadened  by  the  process.  We  have  too  many  men  nowadays 
who  are  so  absorbed  in  some  narrow  corner  of  their  science  as  to  lose  all  breadth 
of  view  and  all  true  sense  of  relative  value  and  importance  in  scientific  work, 
and  who  become  one-sided  and  seriously  dwarfed  in  character.  It  is,  after  all. 
important  that  one  should  be  a  man,  and  retain  broad  human  interests  as  well  an 
that  he  should  attain  high  rank  as  a  scientist. 

In  speaking  of  Lavoisier's  work  in  pure  science  I  shall  not  attempt  an 
exhaustive  catalogue  of  his  researches,  for  it  is  not  my  purpose  to  give  a  history 
of  his  life,  but  rather,  if  possible,  to  gain  a  clear  conception  of  his  character  and 
his  work  and  of  the  relation  which  these  bear  to  the  development  of  the  science 
of  chemist rv. 

The  fir.'t  work  in  which  we  can  see  some  clear  relation  to  his  later  achieve- 
ments was  published  in  the  memoirs  of  the  Paris  Academy  for  1770.  It  con- 
cerned the  conversion  of  watvr  into  earth.  The  mere  fact  that  such  a  topic 
should  require  careful  experiment  and  serious  discussion  gives  us  a  glimpse  ot 
how  very  radically  different  from  ours  was  the  opinion  of  the  best  science  of  that 
day  upon  such  fundamental  subjects  as  the  indestructibility  and  interconverti- 
bility  of  matter.  From  the  earliest  times  it  had  been  believed  that  water  may, 
under  various  conditions,  be  converted  into  earth.  In  later  times  it  was  thought 
that  this  view  had  been  confirmed  by  the  work  of  many  careful  experimenters. 
Glass  vessels  were  almost  universally  used  for  the  distillation  and  evaporation  of 
water,  and  manv  diti'erent  observers  found  that  even  water  which  had  been 
repeatedly  distilled  left  behind,  on  evaporation,  small  amounts  of  earthy  matter 
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xhich  wore  thoaght  to  have  been  formecPby  the  section  of  heat  upon  the  water. 
To  test  the  matter  Lavoisier  placed  some  water  in  a  sealed  vessel  so  arranged  that 
the  water  could  be  boiled  in  the  lower  part,  while  the  steam  would  condense  above 
and  run  back.  He  kept  three  pounds  of  water  boiling  in  this  way  for  more  than 
three  months.  At  the  end  of  the  time  he  evaporated  the  water  and  obtained  from 
it  20.4  grains  of  earthy  matter^  while  the  vessel  used  had  lost  17.4  grains  in 
weight.  The  difference  he  considered  as  due  to  unavoidable  errors  of  experiment, 
and  from  the  imperfect  data  he  drew  the  correct  conclusion  that  water  can  not  be 
-changed  into  earth.  Such  results  as  these  must  have  given  to  Lavoisier  the  feeling 
that  he  could  not  trust  the  observations  of  other  chemists,  but  must  test  every 
experimental  fact  for  himself.  This  attitude,  which  was,  undoubtedly,  not 
without  some  reason,  is  closely  connected  with  one  of  the  worst  sides  of  his  char- 
acter— a  tendency  to  belittle  the  work  of  others,  and  even  to  appropriate  as  his 
own  discoveries  made  by  others.  We  find  that  Lavoisier  repeatedly  described 
discoveries  which  had  been  made  by  some  one  else  in  such  a  manner  as  to  give  the 
impression  that  the  dbcovery  hud  been  made  by  himself.  It  is  true  that  in  some 
-cases  the  discovery  acquired  in  his  hands  an  entirely  different  meaning.  This  is 
■especially  true  of  the  discoveries  of  oxygen  and  of  the  composition  of  water. 
Lavoisier  was,  undoubtedly,  the  first  to  see  the  true  significance  and  importance 
of  these  discoveries,  and  the  very  great  value  of  the  discoveries  to  the  scientific 
world  depends  far  more  on  the  labors  of  Lavoisier  than  on  those  of  Priestley  and 
Cavendish.  Yet  this  can  not  lead  us  to  condone  the  desire  which  was  shown  of 
appropriating  for  himself  the  honor  which  belonged  to  others.  Indeed,  we  can 
not  but  feel  that  such  conduct  is  more  than  usually  reprehensible  in  one  whose 
own  work  was  really  so  very  great  and  who,  of  all  men,  had  so  little  need  to  seek 
for  honor  that  was  not  entirely  his  own.  There  was  certainly  something  lacking 
in  the  moral  fiber  of  the  man  which  detracts  very  much  from  our  opinion  of  his 
personal  character  however  much  we  admire  his  scientific  achievements. 

Lavoisier^s  study  of  the  conversion  of  water  into  earth  was  of  especial  interest 
because  of  the  way  in  which  he  attacked  the  problem.  Previous  to  his  time  very 
few  chemi.Hts  paid  any  attention  to  quantitative  relations  in  chemical  phenomena, 
and  his  use  of  the  balances  in  studying  the  question  proved  in  his  hands  the  be- 
ginning of  a  new  era.  Too  much  has  often  been  made,  however,  of  this  distinc- 
tion between  the  chemistry  of  the  era  of  phlogiston  and  that  which  immediately 
followed  the  downfall  of  that  theory.  Cavendish  R|>ent  a  great  deal  of  time  on 
-(loantitative  experiments,  and  many  of  his  results  exceeded  in  accuracy  those  of 
Lavoisier,  yet  all  of  his  work  was  conceived  and  his  results  were  interpreted  in 
terms  of  the  theory  of  phlogiston.     Methods  of  quantitative  analysis  similar  to 
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those  still  ill  use  were  developed  bv  Dergmann  and  by  other  contemporaries  of 
Lavoisier  who  still  held  entirely  to  the  old  theories.  The  (|uantitative  luethoii 
was  *'in  the  air"  as  it  were,  and  was  coming  into  more  and  more  extended  ut>e  in 
the  hands  of  many  different  chemists.  And,  even  after  I^voisier's  viewK  were 
generally  accepted,  ((iiantitative  results  were  usually  very  inaccurate  till  son)t.* 
time  after  Dal  ton's  atomic  theory  had  given  a  sharp  means  of  control.  La- 
voisier's greatness  was  not  so  much  in  the  introduction  of  a  new  method,  as  in  that 
wonderful  insight  which  enabled  him  to  see  through  the  appearances  on  the  sur- 
face and  iind  the  real  reasons  which  lav  beneath. 

The  beginning  of  his  most  valuable  work  seems  to  have  been  made  in  177*2, 
when  he  was  not  yet  thirty  years  of  age.  In  a  short  note  written  at  this  time  and 
published  in  1773,  he  states  that  the  oxidation  of  metals  and  also  the  combustion 
of  phosphorus  and  bulphur  is  accompanied  by  an  increase  of  weight  and  by  the 
absorption  of  a  large  amount  of  air,  also  that  (m  the  reduction  of  metallic  oxides 
a  large  amount  of  gas,  or  ''air"  is  evolved.  In  these  crude  and  imperfect  state- 
ments, we  see  the  germ  of  all  his  greatest  discoveries.  In  1774  he  described  more 
accurately  his  experiments  with  tin.  He  placed  the  metal  in  n  retort,  sealed  it 
hermetically  and  weighed  the  whole.  He  then  heated  the  retort  till  the  tin  wa.> 
oxidized,  and  then  weighed  the  whole  again,  showing  that  there  was  no  change  in 
weight.  On  opening  the  retort,  air  entered,  and  there  was  an  increase  of  weight 
which  he  says  was  exactly  equal  to  the  gain  in  weight  of  the  tin  due  to  oxidation. 
We  know  that  this  could  not  have  been  strictly  accurate,  for  oxygen  had  been  ab- 
sorbed, and  air,  which  is  specifically  lighter  than  oxygen,  had  entered,  but  we  see 
once  more  the  great  power  which  the  man  had  of  drawing  correct  conclusions  from 
imperfect  data.  A  chemist  of  some  standing  has  recently  said,  "that  it  is  not  the 
province  of  science  to  explain  anything,"  and  "that  the  butiness  of  science  is  to 
describe  phenomena  in  a  simple  manner,  to  seek  actual  relations  between  measure- 
able  quantities,  to  deal  only  with  things  which  can  be  handled  and  mea.«iured.'' 
How  erroneous  and  imperfect  such  a  view  of  the  province  of  science  is,  was  never 
better  illustrated  than  in  the  present  case.  Essentially  the  same  fact  in  almost 
all  of  its  details  had  been  observed  by  Boyle  one  hundred  years  before,  and  many 
others  had  observed  that  metals  increase  in  weight  when  oxidized.  The  fact  alone 
was  barren,  the  fact  in  conjunction  with  its  correct  explanati(m  became  fruitful 
in  wonderful  scientific  tlevclopments. 

In  these  first  experiment**  Lavoisier  does  not  seem  to  h:ive  recognized  but 
what  air,  as  a  whole,  was  absorbed  in  processes  of  oxidation  and  combustion.  On 
August  1,  1774,  Priestley,  In  Kngland,  discovered  oxygen  gas,  antl  visiting  Paris 
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suon  after,  he  described  his  discoverv  to  Lavoisier.  Priestlev,  with  the  other 
ehemists  of  his  time,  held  to  the  theory  of  phlogiston,  and  expressed  his  discovery 
in  terms  of  that  theory.  In  accordance  with  that  theovy  lie  called  oxygen  dephlo- 
gisticated  air,  and  nitrogen,  or  in  general,  air  which  hud  lost  the  power  of 
supporting  combustion,  whether  pure  nitrogen  or  not.  phlogisticated  air.  The 
thought  conveyed  by  these  terms  was  that  air  possessed  a  certain  capacity  for 
absorbing  the  phlogiston  which  was  supposed  to  be  given  off  during  combustion, 
but  that  ordinary  nir  already  contained  a  considerable  amount  of  phlogiston.  It" 
this  phlogiston  were  removed  the  capacity  to  take  it  up  again  would,  of  course,  be 
increased,  and  the  resulting  substance  which  we  call  oxygen  could  properly  be 
called  dephlogisticated  air,  while  nitrogen,  which  was  supposed  to  have  taken  up 
all  the  phlogiston  which  it  could  hold,  was  called  phlogisticated  air.  It  is  evident, 
at  once,  that  while  the  honor  of  the  discovery  of  oxygen  really  belongs  to  Priest- 
ley, the  new  substance  was  not  to  him  a  separate  and  distinct  element  in  any  such 
sense  as  we  now  understand  it,  but  was  rather  a  sort  of  modified  air.  The  theory 
of  phlogiston  dealt  chiefly  with  outward  ap^iearances  and  qualitative  phenomena, 
and  the  time  had  now  come  when  the  theory  was  inadequate  and  a  hindrance  to 
further  progress.  Lavoisier  seems  to  have  been  the  only  chemist  of  the  time  who 
recognized  this.  After  Priestley  had  told  him  of  his  discovery  he  repeated  the  ex- 
periments for  himself,  and  soon  came  to  a  comparatively  clear  and  correct  view  of 
the  composition  of  air,  and  the  real  nature  of  oxidation  and  combustion.  But  while 
even  at  this  early  date  he  must  have  begun  to  see  that  the  theory  of  phlogiston 
was  unnecessary,  and  probably  fallacious,  his  open  conflict  with  the  theory  does 
not  seem  to  have  begun  till  several  years  later.  He  contented  himself  with  a 
description  of  his  experiments  and  explanation  of  his  results,  rather  ignoring 
than  directly  combatting  the  prevailing  theory.  He  had  acquired  reputation  by 
this  time  as  a  careful  experimenter  and  as  one  thoroughly  acquainted  with  the 
history  and  theories  of  his  science.  He  was  recognized,  therefore,  when  the  time 
came,  as  one  competent  to  criticise  current  theories,  and  as  one  whose  criticism 
must,  at  least,  receive  respectful  attention. 

During  the  ten  years  that  followed,  from  1775  to  1785,  Lavoisier  busied  him- 
self almost  exclusively  with  experiments  more  or  less  closely  connected  with 
combustion  and  oxidation.  Gradually  he  proved,  by  careful  experiments  made 
with  a  great  number  of  different  substances,  that  ordinar>'  combustion  consists  in 
all  cases  of  a  combination  with  oxygen.  He  showed  that  ^^fixed  air''  is  formed 
by  the  combustion  of  the  diamond  and  of  charcoal;  that  phosphoric  acid,  accord- 
ing to  the  nomenclature  of  the  period  which  followed,  is  formed  by  the  combus- 
tion of  phosphorus,  and  also  by  its  oxidation  with  nitric  acid;  that  both  sulphurous 
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aud  sulphuric  acids  are  compounds  of  Rulphur  with  oxygen,  and  that  "fixed  air" 
is  also  formed  bv  the  combustion  of  candles  and  of  other  organic  matter.  These 
exiK^riments  led  him  to  not  only  clear  and  correct  views  of  the  phenomena  of 
combustion  and  oxidation,  but  they  alsrj  gave  rise  to  a  radically  new  conception 
of  the  nature  of  acids  and  salts.  'The  opinions  which  he  develo{HHl  were  after- 
wards found  to  be  imperfect,  but  they  were  a  very  great  advance  on  anything  which 
had  preceded,  and  were  of  incalculable  value  in  the  development  of  chemical 
science.  After  finding  from  his  own  experiments  and  those  of  others  that  oxygen 
is  a  common  constituent  of  carbonic,  phosphoric,  sulphurous,  sulphuric  and 
nitric  acids  he  made  the  generalization  that  oxygen  is  the  sonn*e  of  all  acid 
pro|)ertie8,  and  called  it  by  its  present  name,  which  means  **acid  former."  To 
him  an  acid  was  simply  a  compound  of  carbon,  sulphur,  or  some  other  element 
with  oxygen,  and  a  salt  was  a  compound  of  such  an  oxide  with  an  oxide  of  a 
metal.  This  view  held  practical  sway  in  chemistry  for  sixty  years,  and  is  at  the 
basis  of  many  expressions  which  chemists  still  use.  While  doubtless  less  ]>erfect 
than  the  view  which  considers  acids  as  compounds  of  hydrogen,  it  nevertheless 
expressed  clearly  some  truths  which  our  modern  ch(>mistry  does  not  quite  so 
clearly  express,  for  oxygen  is  still,  as  always,  a  great  acid-forming  principle,  and 
salts  contain  metals  as  well  as  non-metals  in  an  oxidized  form.  Lavoisier  con- 
sidered that  the  combination  of  a  metal  with  an  acid  may  take  place  in  two  ways. 
Either  the  metal  combines  with  a  part  of  the  oxygen  of  its  acid  forming  an  oxide 
which  then  combines  with  the  acid,  or  as  we  should  say,  with  the  anhydride  of  the 
acid;  or  the  metal,  by  the  aid  of  the-  acid,  decomposes  the  water  present,  com- 
bining with  its  oxygen  and  liberating  its  hydrogen,  and  the  oxide  formed  there 
combines  with  the  acid.  The  first  view  may  still  be  considered  as  essentially  cor- 
rect as  an  explanation  of  such  cases  as  the  action  of  conrentrated  sulphuric  acid 
on  copi)er;  here  copper  oxide  is  undoubtedly  formed,  for  some  of  it  esoaiK's  <'ombi- 
nation  with  the  acid,  and  sulphur  tri-oxide  is  present  as  an  independent  compound 
at  the  temperature  of  the  reaction,  and  very  probably  combines  with  the  copj)er 
oxide  as  it  is  formed,  to  produce  copper  sulphate.  As  regards  the  secon<l  view, 
which  applies  to  such  cases  as  the  solution  of  zinc  in  dilute  sulphuric  acid,  there 
is  still  some  diversity  of  opinion  and  some  uncertainty  in  the  minds  of  chemists. 
The  common  statement  of  our  text-books  is  that  the  action  consists  in  a  substitu- 
tion of  the  metal  for  the  hydrogen  of  the  acid,  and  this  is  undoubtedly  correct, 
as  :i  superficial  view  of  the  matter.  The  explanation  which  has  been  more  re- 
cently proposed,  however,  and  which  has  already  gained  many  adherents,  is  that 
direct  substitution  takes  place  in  such  casi»s  with  very  great  difficulty,  if  at  all, 
and  that  action  takes  place  readily  <»nly  when  the  acid  has  been  dissociated  into 
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iu  ions,  and  that  the  real  action  consists  in  the  exchange  of  charges  of  electricity 
between  atoms  of  hydrogen  and  atoms  (»f  the  metal,  the  atoms  of  the  metal,  with 
their  newly  actjnired  charge,  becoming  ions  in  the  solntion.  Whatever  may  l>e 
the  troth  of  the  matter,  the  views  of  Lavoisier  were  of  very  great  value  in  the 
development  of  chemistry.  They  contributed  to  a  clearer  conception  of  the 
nature  of  salts,  and  they  laid  the  foundation  for  a  rational  nomenclature,  which 
was  intr«>duce<l  for  the  first  time  in  connection  with  Lavoisier's  system,  though  the 
)>rinciple8  of  the  nomenclature  seem  to  have  been  proposed  by  I)e  Morveau,  and 
Berthollet  and  Fourcroy  aided  Lavoisier  in  their  development. 

Beside  the  theories  of  combustion  and  oxidation  and  of  the  relations  of  acids, 
oxides  and  salts,  which  must  l>e  considered  as  his  greatest  contribution  to  science, 
Liivoisier  worked  successfully  in  a  number  of  other  directions.  He  paid  close 
attention  to  the  heat  relations  involved  in  combustion ;  he  studied  carefully  the 
nlcoholic  fermentation  and  gained  a  ver^-  close  and  correct  conception  of  the 
process  and  made  some  attempts  to  det€rmine  the  quantitative  com|>o8ition  of 
organic  bodies.  These  attempts  were  not  very  successful,  but  the  methods  useil 
wvre  c*orrect  in  principle  and  laid  the  foundation  for  the  better  work  which  was 
done  years  afterwards.  In  the  domain  of  physiological  chemistry  and  in  physics 
I^afoisier  also  did  some  excellent  work. 

His  literary  activity  consisted  chiefly  in  the  preparation  of  papers  describing 
his  work.  No  less  than  sixty  communications  of  this  kind  were  published  in  the 
Memoirs  of  the  Paris  Academy  from  1768  to  1787.  Not  till  toward  the  close  of 
his  life  did  he  gather  the  results  of  his  work  together  in  a  systematic  treatise  on 
chemistry,  which  appeared  in  1789.  1  can  not  refrain  from  quoting  two  extracts 
from  this  book,  which  give  us  a  glim]»se  of  the  character  of  the  man  and  show  us 
S4)mething  of  the  secret  of  his  wonderful  power.     The  first  is  from  his  preface. 

After  calling  attention  to  the  fact  that  in  every  day  affairs  our  mistakes  are 
constantly  checked  and  corrected  by  the  unpleasant  efTects  which  follow  them, 
he  goes  on  to  say : 

*'In  the  study  and  practice  of  the  sciences  it  is  quite  different;  the  false 
ju  Igments  we  form  neither  affect  our  existence  or  our  welfare  and  we  are  not 
forced  by  any  physical  necessity  to  correct  them.  Imagination,  on  the  contrary, 
which  is  ever  wandering  beyond  the  bounds  of  truth,  joined  to  self-love  and  that 
«elf-(*onfidence  we  are  so  apt  to  indulge,  prompt  us  to  draw  conclusions  which  are 
not  immediately  derived  from  facts;  so  that  we  become  in  some  measure  interested 
in  deceiving  ourselves.  Hence  it  is  by  no  means  to  be  wondered  that  in  the 
science  of  physics  in  general  men  have  often  made  suppositions  instead  of  forming 
conclusions.     Those  suppositions,  handed  down  fromone  age  tr)  nnotlier,  nc<piire 


26 

additional  weight  from   the  authorities  by  which  they  are  supported,  till  at  last 
they  are  received,  even  by  men  of  genius,  as  fundamental  truths. 

.  "The  only  method  of  preventing  such  errors  from  taking  place,  and  of  cor- 
recting them  when  formed,  is  to  restrain  and  simplify  our  reasoning  as  much  as 
possible.  This  depends  only  on  ourselves,  and  the  neglect  ot  it  is  the  only  source 
of  our  mistakes.  We  must  trust  to  nothing  but  facts;  thcbe  are  presented  to  us 
by  nature  and  can  not  deceive.  We  ought,  in  every  instance,  to  submit  our 
reasoning  to  the  test  of  experiment,  and  never  to  search  for  truth  but  by  the 
natural  road  of  experiment  and  observation.  Thus  mathematicians  obtain  the 
solution  of  a  problem  by  the  mere  arrangement  of  data,  and  by  reducing  their 
reasoning  to  such  simple  steps,  to  conclusions  so  very  obvious,  as  never  to  lose 
sight  of  the  evidence  which  guides  them. 

"Thoroughly  convinced  of  these  truths,!  have  imposed  upon  myself  as  a 
law  never  to  advance  but  from  what  is  known  to  what  is  unknown;  never  to  form 
any  conclusion  which  is  not  an  immediate  consequence  necessarily  flowing  from 
observation  and  experiment;  and  always  to  arrange  the  facts,  and  the  conclusions 
drawn  from  them  in  such  an  order  as  shall  render  it  mo»t  easy  for  beginners  in 
the  study  of  chemistry  thoroughly  to  understand  them.  Hence  I  have  been 
obliged  to  depart  from  the  usual  order  of  courses  oi  lectures  and  of  treatises  on 
chemistry,  which  always  assumes  the  first  principles  of  the  science,  as  known, 
when  the  pupil  or  the  reader  should  never  be  supposed  to  know  them  till  they 
have  been  explained  in  subsequent  lesstms.  In  almost  every  instance  these  begin 
by  treating  of  the  elements  of  matter,  and  by  explaining  the  table  of  artinities, 
without  considering  that,  in  so  doing,  they  must  bring  the  principal  phenomena 
of  chemistry  into  view  at  the  very  outset;  they  make  use  of  terms  which  have 
not  been  defined  and  suppose  the  science  to  be  understood  by  the  very  persons 
they  are  only  beginning  to  teach.  It  ought  likewise  to  be  considered,  that  very 
little  of  chemistry  can  be  learned  in  a  first  course,  which  is  hardly  sufficient  to 
make  the  language  of  the  science  familiar  to  the  ears,  or  the  apparatus  familiar 
to  the  eyes.  It  is  almost  impossible  to  become  a  chemist  in  less  than  three  or  four 
years  of  constant  application.'' 

These  statements  are  no  less  true  to-day  than  one  hundred  years  ago.     Ne- 
less  apposite  is  the  following,  referring  to  the  work  to  be  done  in  chemistry: 

"This  is  a  rast  field  for  employing  the  zeal  and  abilities  of  young  chemists, 
whom  I  would  advise  to  endeavor  rather  to  do  well  than  to  do  much.     *    *    *    « 
Every  edifice  which  is  intended  to  resist  the  ravages  of  time  should  be  built  on  a. 
sure  foundation;  and,  in  the  present  state  of  chemistry,  to  attempt  discoveries  by 
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€xj»eriinents,  either  not  perfectly  exact,  or  not  sufficiently  rigorous,  will  serve  only 
to  interrupt  its  progress,  instead  (»f  contributing  to  it«  advancement." 

During  the  stormy  days  id  the  Revolution,  as  well  as  before,  Lavoisier  ren- 
dered frequent  services  to  his  country.  In  1787  he  was  elected  to  the  Provincial 
Assemblv  of  Orleans.  In  1790  he  was  a  member  of  the  commission  which  devised 
the  metric  system  of  weights  and  measures.  In  1791  as  a  member  of  a  commis^ 
sion  he  published  an  essay  on  the  National  Resources  of  France,  which  entitles 
him  to  high  rank  as  a  political  economist.  These  facts  show  that  he  was  a  man 
of  broad  interests  as  well  as  a  chemist  of  preeminent  rank. 

Some  of  his  public  acts  and  especially  those  in  connection  with  the  collection 
of  taxes  rendered  it  easy  to  tind  some  trivial  complaint  against  him.  And  during 
the  reign  of  terror,  while  the  power  of  Robespierre  was  at  its  height,  a  trivial 
complaint  was  equivalent  to  condemnation.  After  sentence  he  asked  for  a  fort- 
night's delay  that  he  might  complete  some  scientific  experiments,  but  with  the 
words  **We  have  no  more  need  of  philosophers,"  he  was  hurried  to  execution. 
So  died,  on  May  8, 1794,  the  greatest  chemist  of  the  eighteenth  centurj'.  1  had 
almost  said  of  any  century.  For  wc  can  scarcely  tind  in  the  history  of  thought 
another  who  has  so  transformed  the  science  with  which  he  worked.  He  cleared 
away  the  misconceptions  and  erroneous  speculations  of  centuries  and,  building  on 
a  solid  basis  of  experimental  facts,  he  laid  a  sure  foundation  for  rapid  and  per- 
manent growth  in  chemical  knowledge. 
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Some  Factors  in  thk  Distribution  of  Gleditschia  Triacanthos,  and  Othkr 
Trees.     By  Ernest  Walker. 

The  importance  of  winds  as  factors  in  the  distribution  of  plants  has  always 
been  recognized  by  all  who  have  written  on  subjects  connected  with  plant-geogra^ 
phy.  It  seems,  however,  that  their  effectiveness  has  been  appreciated  only  in  the 
case  of  extremely  fine  and  light  seed,  or  those  provided  with  appendages  for  sus- 
pension in  air,  while  in  the  ca^e  of  heavier  seeds,  unprovided  with  such  append- 
ages,  they  are  held  even  by  many  of  our  most  authoritative  writers  to  be  of  little  or 
no  consequence.  Such  seeds  are  thought  to  be  too  heavy  to  be  affected  in  the  least 
by  any  wind  short  nf  a  "violent  storm"  or  real  ** hurricane."     As  these  are  onl^ 


occasional,  and  as  the  direction  of  winds  is  thoup^ht  to  be  so  variable,  it  has  be- 
<'onie  customary  to  speak  of  them  as  among  the  '^occasional"  or  '' accidental" 
factors  in  plant  migrations.  9 

.  Darwin  objected  to  the  term  **  accidental/'  and  for  the  best  of  reasons,  suggest- 
ing as  a  substitute  the  word  '^  occasional."  But  to  the  writer  it  seems  that  the 
second  term,  while  not  quite  as  unscientific  as  the  former,  is  in  other  respects  no 
improvement.  For  even  if  the  influence  of  winds  in  seed  diffusion  were  limited 
to  the  lighter  or  appendaged  seeds,  it  would  still  be  objectionable,  as  must  be 
•obvious. 

By  no  means,  however,  are  we  justified  in  holding  that  winds  affect  only 
lightf^r  seeds,  and  that  moderate  winds  have  little  or  no  influence  on  heavier  fruits 
and  seeds,  which  any  one  may  readily  demonstrate  for  himself  by  observation. 
The  writer  shared  in  the  prevailing  opinion  until  observations  convinced  him  of 
the  contrary,  and  showed  that  ordinary  winds  have  sufficient  force  to  transport 
even  the  heavier  fruits  and  seeds,  when  borne  on  parts  some  distance  above  the 
ground,  to  considerable  distances.  In  considering  the  value  of  winds  as  plant 
-iliffusing  agents,  several  incidentals  occur  more  or  less  influencing  their  effective- 
11688,  which  it  may  \ye  well  to  mention. 

As  is  obvious,  height  of  the  plant  is  an  important  factor.  Were  a  fniit  as 
large  as  the  cocoa-nut  to  be  borne  on  a  low  plant  close  to  the  ground,  winds  could 
have  no  appreciable  effect  on  its  fall ;  but  growing  as  it  does,  on  a  tall  tree,  the 
strong  winds,  such  as  are  common  in  the  regions  it  inhabits,  may  drive  the  fruit 
in  falling  considerably  from  the  perpendicular  before  it  has  reached  the  ground. 
Ajpnin,  tall  plants  are  likely  to  travel  more  directly  with  winds  in  regions  where 
these  blow  mainly  from  one  direction  during  the  fruiting  season,  owing  to  the  fact 
that  the  direction  of  the  wind  is  less  affected  by  irregularities  of  land  surface  at 
some  distance  above  the  ground. 

Rigidity  of  trunks  and  branches  is  an  item  worth  considering.  Flexible  stems 
and  branches  will  lean  with  the  wind,  and  drop  their  fruit  farther  on  the  side 
from  the  wind  than  in  the  case  of  more  rigid  ones. 

Weight,  bulk  and  form  of  fruits  have  their  values.  Lighter  unappendaged 
inutH  and  seeds  may  be  carried  a  considerable  distance  by  winds,  even  when  pro- 
duced upon  low  growing  plants.  W^here  the  bulk  of  surrounding  parts  is  large 
in  proportion  to  the  size  of  the  seeds,  it  not  only  makes  the  force  of  wind  more 
effective,  but  in  some  instances  it  is  probable  these  bulky  parts  by  their  decay  en- 
rich the  spot  upon  which  the  fruit  flnally  rests,  and  thus  helps  in  giving  the  young 
seedlings  a  start  in  life,  and  in  traveling  across  infertile  belts. 
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Peculiarities  in  form  may  enable  the  winds  to  drive  some  fruits  before  them 
even  after  the  latter  have  fallen  to  the  ground.  The  lights  globular  form  of  some 
pine  cones  when  dried  enable  them  to  roll  readily.  In  the  case  of  other  forms, 
the  curvature  of  cylindrical  cones  or  slight  hooks  at  the  tip  of  the  scales  tend 
to  check  motion  due  to  gravity,  or  the  influence  of  winds.  Curvature  or  twist- 
ing in  tlat  fruits  is  obviously  an  advantage  in  traveling  before  winds. 

The  time  and  duration  of  the  fruiting  season  is  a  matter  of  the  utmost  im- 
portance; especially  if  what  the  writer  shall  suggest  in  regard  to  the  direction  of 
winds  for  certain  regions  and  seasons  shall  be  found  to  be  true.  Plants  which 
fruit  throughout  the  season  would  tend  to  spread  in  all  directions,  while  those- 
that  ripen  their  fruit  in  a  single  crop  at  a  stated  season  would  be  inclined  lo  travel 
more  in  one  or  a  few  directions,  and  occupy  particular  ranges.  Darlington  always 
mentions  the  fruiting  season ;  later  authors  but  rarely,  which  the  writer  has  often 
had  occasion  to  regret. 

Dehiscence  of  fruits  may  have  an  important  bearing  in  the  matter  of  seed 
dissemination.  The  forceful  and  sudden  discharge  of  seeds  in  ozalis  and  violets 
makes  these  plants  independent  of  outside  help,  and  scatters  the  seed  in  all  direc- 
tions. In  these  cases  the  seed  are  discharged  slightly  upward  as  well  as  outward, 
enabling  thi^se  plants  to  as<*end,  in  time,  even  steep  slopes.  In  violets  cleisto- 
gamous  (lowers  extend  the  fruiting  season  through  even  the  hot  months  of  summer. 
These  fruits  are  produced  for  the  most  part  under  ground,  and  were  they  to  re- 
main there,  would  be  of  no  value  in  spreading  the  species;  but  after  ripe  the 
stalk  of  the  pod  elongates  and  elevates  the  fruit  during  dehiscence,  and  the  seeds 
are  scattered  as  in  the  case  of  the  pods  of  the  ordinary  flowers. 

In  (^nothera  biennin  the  pods  are  only  partially  dehiscent  at  the  t«>p,  and 
remain  upright  on  the  plant.  The  top  of  the  plant  bends  with,  and  is  shaken  about 
by,  winds.  The  seeds  are  thus  scattered  about  during  a  considerable  interval  of 
time.  This  brings  up  the  important  point  relating  to  the  duration  of  the  period 
«ieeds  and  fruits  are  carried  or  retained  on  the  plant  after  their  maturity.  When 
long,  it  increases  the  chances  of  many  of  the  fruits  being  carried  to  considerable 
distances  by  winds:  it  has  relation  to  the  direction  of  travel  or  dissemination,  and 
may  have  an  important  bearing  on  the  distribution  or  the  range  of  some  append- 
aged  seeds  which  ordinarily  would  be  thought  to  travel  with  the  caprice  of  the 
lightest  wind. 

Liatris  ftquarrogra  affords  an  illustration.  In  this  plant  the  heavily  plumed 
achenes  are  carried  on  the  dry  receptacle  till  far  toward  .January.  So  the  distri- 
bution of  the  seeds  of  this  and  some  other  species  of  ComponOr  is  brought  about 
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by  the  prevailing  fall  nnd  winter  winds.  Thus  it  i^  probable  that  the  dissemina- 
tion of  even  light  appendaged  seeds  is  not  always  as  hap-hazard  as  is  sometimes 
supposed. 

The  appendages  and  lightness,  or  minuteness  of  many  see<l8,  is  commonly 
thought  to  have  relation  only  to  a  wide  distributicm  of  the  species.  But  the 
character  also  has  relation  to  habitat.  Some  such  plants,  as  the  cat-tail  flag, 
Typht  I  itifaiui,  grow  only  in  particular  places.  Their  habitat,  as  it  were,  is  di- 
vided up  into  small  portions  and  scattered  all  over  the  country.  Their  downy 
seeds  are  necessary  mainly  on  this  account.  The  seeds  of  such  plants  are  scattered 
far  and  wide,  floating  away  on  the  lightest  breeze.  Only  those  grow  that  find 
proper  homes.  This  is  true  of  the  appendaged  seeds  of  some  trees,  which  grow 
mainlv  in  certain  situations,  as  in  the  case  of  tho.sc  confined  chieflv  to  water 
courses.  Streams  are  supposed  to  carry  such  seeds  and  be  the  main  agents  in 
their  distribution.  This  is  said  to  l>e  the  cat^e  with  most  of  the  forest  trees  of  In- 
diana. The  writer  believes,  however,  that  the  reason  so  many  trees  are  found 
along  water  courses,  is  not  because  the  streams  have  borne  the  seeds  along,  but 
because  the  seed  germinate  better  in  the  fertile  nnd  waste  conditions  found  along 
their  borders.  Many  such  trees  have  winged  or  downy  seeds  and  are  carried  far 
across  extensive  regions.  Many,  and  most  of  the  seed  fall  over  the  dry  belts  l»e- 
tween  streams,  but  not  finding  the  suitable  conditions,  never  germinate.  Those, 
however,  that  lodge  along  the  streams,  spring  up. 

The  importance  of  winds  as  factors  in  plant  distribution,  and  the  truth  of 
some  of  the  statements  already  made,  will  be  rendere<l  clearer,  however,  by  an 
account  of  some  observations  which  the  writer  has  made  in  relation  to  the  in- 
fluence of  winds  in  scattering  the  fruib*  of  the  Lifpiidamlt^r  an<l  Gledititcfiia  tria- 
cantfuMf. 

It  is  now  twelve  years  since  first  the  writer  noticed  near  New  Albany,  Ind., 
an  old  gum  tree  standing  alone  on  a  slight  elevat  on  in  an  old  neglected  field. ' 
The  tree  was  an  cdd  one,  with  a  trunk  some  24  inches  in  diameter,  but  owing  t<» 
its  exposure,  and  the  poverty  of  the  soil,  its  crown  had  not  penetrated  farther 
heavenward  than  40  feet;  nor  was  the  expanse  of  soil  shaded  by  its  branches  above 
30  feet  in  diameter.  While  making  a  list  of  the  planU«  growing  under  and  alntut 
the  tree,  it  occurred  to  notice  what  l»ecame  of  the  tree's  own  balls  and  seeds.  The 
seeding  gums  springing  up  here  and  there  around  their  parent  then  began  to  re- 
ceive attention. 

It  was  noticed  that  while  seedlings  of  various  ages  grew  in  all  directions 
around  the  old  tree,  thev  extended  farther  to  the  northeast  than  in  other  dire<*- 
lions.      Measurements  followed.      To   the   west   and  south  oO   feet   covered    the 
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disiiance  between  the  trunk  and  the  farthest  seedling.  On  the  northeast,  how- 
ever, numbers  of  these  reached  as  far  as  200  feet ;  some  250  feet,  and  one  300  feet. 
Thri'e  or  four  years  ago  the  old  tree  was  cut  down  and  the  field  cleared  of 
weed>.  etc.,  and  plowed  up.  The  part  of  the  field  north-eastward  from  the  tree 
was  not  molested,  however.  So  the  young  grove  of  gums,  which  nature  planted, 
is  still  growing.  It  is  evident  that  the  prevailing  strong  winds  for  the  fall 
months  during  the  years  in  which  these  young  gums  were  planted,  came  princi- 
pally from  the  southwest. 

Since  that  time  gum  trees  in  »>ther  places  around  New  Albany  have  been 
noticed  similarity  situated  and  in  open  woods.  Their  story  has  been  the  same. 
The  same  tendency  has  also  been  observed  in  seedlihgs  of  Robinia  Piie^idaecieia. 

Still  further  observations  made  during  the  past  two  seasons  in  *he  fruits  and 
feedlings  of  the  honey-locust  afford  additional  proof  of  the  power  of  ordinary 
gtr<M»v:  winds  to  carry  even  heavy  fruits  to  a  considerable  distance,  and  show  that 
for  the  fall  months  and  fruiting  season  (»f  this  tree  the  prevailing  strong  winds 
are  from  the  southwest. 

The  honey-locust  in  4]uestion  stands  alone  on  the  top  of  a  broad,  low  hill| 
which,  with  the  exception  of  the  '*  knobs,"  is  probably  the  highest  point  around 
New  Albany.  The  soil  of  the  hill  is  clothed  with  thin  grass  ;  is  poor,  being  clayey 
on  toj»,  with  fine,  clayey  sand  beneath.  The  tree  is  a  handsome  one,  with  a  trank 
some  twenty  inches  in  diameter,  and  a  broad,  rounded  head  reaching  upward 
forty  feet,  with  a  like  spread. 

In  Sei)tember,  1893,  it  was  noticed  that  there  was  an  enormous  crop  of  seeds. 
Many  of  them  hung  on  the  branches  until  toward  December.  In  that  month  the 
8|>ot  was  visitcnl  for  the  purpose  of  making  ol»servations.  The  i>ods  lay  thickly 
on  the  ground;  and  ugain  they  were  found  extending  principally  toward  the 
northeast.  Many  were  under  the  tree  extending  on  the  south,  southeast  and 
8<»uthwest,  some  twenty  feet  l>eyond  the  branches.  On  the  northeast,  however, 
they  reached  as  far  as  100  feet.  I  looked  for  seedlings.  There  were  a  number  of 
various  ages.  A  few  were  f(»und  about  the  tree  on  all  sides.  But  the  great  pro- 
portion were  northeastward.  At  a  distance  of  112  feet  there  was  a  small  thicket 
of  seedlings  two  and  thrt^  years  old.  On  the  north  some  were  found  at  102  feet ; 
on  the  northwest  41.}  feet,  west  39  feet,  southwest  oO  feet,  east  7fi  feet. 

The  past  summer  has  been  one  of  the  dryest  in  many  years.  In  September 
the  same  tree  was  again  full  of  pods.  At  this  time  new  young  settdlings  four  and 
live  inches  high  were  found  gr(»wing  al)out  the  tree  by  the  hundred,  seeming  to 
indicate  that  a  dry  sejison  is  favoral)le  to  young  seedlings  of  this  tree.  On  the 
west,  south  and  east  these  seedlings  were  numerous  within  thirty  feet  of  tfie  trunk. 
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Beyond  this  they  were  few  and  Hcattering,  except  on  the  northeast,  where  they 
were  found  at  considerable  distances.  Owing  to  the  difficulty  of  finding  the 
young  seedlings  in  the  grass,  measurements  were  not  undertaken. 

TheK^  items  are  full  of  significance.  It  is  a  very  noticeable  fact,  and  lias^ 
often  been  remarked,  that  many  of  the  plants  of  the  North  American  flora  have 
a  northeasterly  range.  This  is  true  of  quite  a  list  of  heavy-fruited  trees  which 
ripen  their  fruit  in  the  fall.  Our  observations  show  that  ordinary  strong  wind^, 
such  as  are  common  at  the  time  the  fruit  of  such  trees  is  ri))e,  arc  capable  of  car- 
rying it  to  a  considerable  distance,  and  that  the  winds  carry  the  fruit«  for  some 
localities,  farthest  in  the  same  direction  year  after  year.  The  principal  range  of  the 
gum,  honey-locust,  common  locust  and  a  number  of  other  trees  with  more  or  less 
heavy  fruits,  and  especially  those  of  southern  affinities,  is  from  the  southwest 
toward  the  northeast.  This,  coupled  with  the  writer's  observations,  seems  to  indi- 
cate that  for  the  broad  l)elt  of  country  extending  from  Texas  and  Missouri  north- 
eastward to  Western  New  York  and  Pennsylvania,  the  strong  winds  of  the  fall 
months  blow  chiefly  from  the  southwest.  If  this  be  shown  by  the  records  of  me- 
teorology to  actually  be  the  case,  the  northeastward  tendency  so  noticeable  in 
many  of  our  plants  will  have  been  satisfactorily  explaint^i.  The  investigation  of 
this  matter  is  not  full  enough  yet  to  warrant  the  definite  statement.  An  exami- 
nation of  the  Signal  Service  Records  for  a  number  of  successive  years  will  be  nec- 
essary to  settle  the  point.  Reports  fur  1S82-3  giving  the  weather  tables  for  1881-2 
are  all  that  have  lieen  examined.  These  bear  out  the  suggestions  made  concern- 
ing the  direction  of  the  stronger  autumn  winds  for  the  region  mentioned.  They 
show  that  these  wind<  come  chiefly  from  the  southwest,  and  less  frequently  from 
the  south  and  west.  They  also  confirm  (as  far  as  they  go)  the  opinion  which  hud 
begun  to  spring  up  concerning  other  regions. 

It  is  noticed  that  some  of  these  heavy  fruited  trees  and  plants,  instcid  of 
extending  from  the  southwest  northeastward,  seem  to  be  of  northern  relationship, 
and  extend  from  th«*  northwest  portion  of  the  country,  mainly  eastward  from 
Dakota,  across  the  great  Lake  Regi<m  to  New  EnglHn<l  and  Canada;  or,  .ii^ain, 
from  Dakota  and  Minnesota  southeastward  to  Indiana  and  Kentucky,  then  north- 
eastward to  New  England.  This  seems  to  indicate  stronger  west  or  nori Invest 
winds  for  the  late  summer  or  fall  months  in  the  northwest.  In  the  case  of  those 
plants  which  come  southeastward  to  Indiana,  the  winds  would  be  from  the  north- 
west. In  Indiana  they  would  enter  the  belt  in  which  southwest  winds  previiil  in 
fall  and  be  carried  northeastward. 

There  are  other  regions  in  which  the  characteristic  range  of  certain  plants  is- 
in  other  direi'tions.     When  fully  investigated,  the  writer  is  inclined  to  think  that 
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it  will  he  foiiiid  that,  in  tlie  majority  of  laiul-plantH  with  heavy  fruits  produced 
at  a  less  or  greater  distance  above  the  ground,  winds  prevailing  at  the  time  the 
fruit  is  ripe,  more  than  any  other  factor,  determine  the  direction  of  their  range. 
The  slender  investigation  of  meteorological  tables  so  far  made  is  in  hannony  with 
these  sugge>tions,  but  the  whole  truth  reuiains  yet  to  be  ascertained. 

Botani>ts  have  i  ften  commented  on  the  remarkable  difference  between  the 
flora  of  the  California  coast  and  that  of  the  Atlantic  States;  and  the  strange  re- 
semblances of  our  eastern  flora  to  that  of  eastern  Asia.  There  is  a  long  list  of 
trees,  for  instance,  of  similar  or  identical  species  common  to  east  Asia  and  the 
eastern  States  of  America,  including  representatives  of  the  genera  in  which  are 
found  magnolias,  lindens,  sumacs,  buckeyes,  box-elder,  yellow  wood,  honey- 
locust,  pear,  shad-bush,  dog-woods,  rho<iodendrons,  holly,  persimmon,  catalpa, 
sassafras,  osage-orange,  ]danera,  walnut,  butternut,  hazelnut,  birch,  alder,  yel- 
low and  white  pine,  hemloc'k,  arbor  vita',  l)ald  cypress  and  yews, 

looking  (►ver  this  list,  it  is  noticeable  that  most  of  them  are  trees  with  heavy 
fruits  ripe  in  the  falf;  and  have,  for  the  most  part,  in  the  United  States  (in  gen- 
eral )  a  northeasterly  range.  Many  of  them  are  of  southern  affinities,  and  some 
northern. 

Now,  as  plants  are  known  to  be  delicate  indicators  of  climatic  conditions,  and 
as  it  is  fair  to  suppose  the  same  or  identical  species  will  always  behave  the  same 
way  under  the  same  contlitions,  if  we  tind  them  behaving  in  a  certain  manner  in 
two  difTerenl  places  or  parts  of  the  world,  the  logical  inference  is  that  the  condi- 
tions of  the  two  regions  are  the  same,  or  approximstely.so.  Again,  knowing  the 
conditions  in  the  two  places  to  be  practically  the  same,  and  the  plants  common  to 
the  two  regions,  acting  the  same,  we  naturally  conclude  that  the  same  forces  are 
ojierating  in  the  same  manner  in  both  places.  Following  this  out.  we  see  that  the 
truth  in  regard  to  the  influence  of  winds  in  shaping  the  range  of  some  of  our 
American  trees  having  been  ascertained,  bids  fair  to  throw  some  light  on  the  siui- 
ilarity  between  our  eastern  flora  and  that  of  ea.stern  Asia,  and  explain  how  sim- 
ilar species  in  the  two  continents  came  to  o<'cupy  like  portions  of  their  respective 
homes. 


PnoPAtiATION    AND    PROTECTION   OF   OaMK   XSD   FlSiC.       By    I.    W.    ShaRP. 


ANTiiRop<)LO(iY:    The  Sttdy  of  Man.    By  Ana*^  W.  Butler. 
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A  New  BioixxiicAL  Station  and  its  Aim.     By  C.  H.  KKiKNMANx. 

One  of  the  most  promising  fields  for  bioiugical  research  is  variation.  Varia- 
tion not  only  in  the  adult  individuals,  but  in  every  step  of  the  onto^ny.  De- 
scriptive zoology,  as  far  as  the  higher  groups  are  concerned,  is  well  nigh  ex- 
hausted. The  general  distribution  of  most  of  the  vertebrates  of  North  America  is 
fairlv  well  known,  and  it  remains  but  to  fill  in  details.  Closelv  allied  to  variation 
is  heredity.  To  these  two  subjei'ts  much  of  the  energy  that  has  hitherto  been  de- 
voted to  systematic  zoology  may  be  profitably  diverted.  The  subject  of  variation 
or  method  of  evolution  is  not  a  new  one.  I  want  to  propose  u  new  method  of 
studying  this  subje<'t. 

Puring  the  coming  summer  u  new  biological  station  will  Ik*  established  some- 
where in  Indiana,  whose  chief  aim  will  be  the  survey  of  n  bai^e-line  for  future 
studies  in  variation.  A  limited  and  well  defined  area,  such  as  is  to  be  found  in 
one  of  the  smaller  lakes  of  Northern  Indiana,  will  be  selected,  and  the  animals, 
chiefly  non-migratory  vertebrates  of  such  a  limited  area,  will  be  studied  in  detail 
for  a  series  of  years,  if  necessary.  This  survey  will  serve  as  the  basi'-line  for  the 
studv  of  variation  of  the  same  animals  in  the  other  localities.  For  economic 
reasons  the  fishes  and  reptiles  will  receive  most  of  our  attention. 

An  attempt  will  be  made  to  determine  the  kind  of  variation,  continuous  or 
discontinuous,  and  the  limits  of  variation.  These  limits  should  be  examined  for 
a  series  of  years,  or  at  definite  longer  intervals  to  note  the  annual,  or  biennial,  or 
triennial,  etc.,  variations,  if  any,  from  a  given  mean.  The  study  conducted  in 
this  way  ought  to  demonstrate  the  methods  of  evoluti(m.  A  most  interesting  part 
of  the  work  will  be  the  variation  in  the  early  stages  of  ontogeny,  the  segmentation, 
etc.,  and  the  relation  of  such  variations  to  variations  in  the  mature  animal. 

Very  little  could  be  done  towards  an  understanding  of  meteorology  by  isolatml 
observations  of  atmospheric  phenomena,  yet  on  just  this  sort  of  observation  many 
of  our  ideas  of  the  methods  of  evolution  are  based.  In  a  few  cases  large  series  of 
individuals  have  been  examined,  which  had  l>een  collected  at  diflferent  times  and 
at  different  places,  but  so  far  we  know  little  or  nothing  of  the  limits  of  variation 
of  any  vertebrate  within  a  limited  territory,  a  single  locality  or  anything  of  the 
annual  variation.  It  is  just  this  knowledge  that  we  must  have  to  test  the  current 
views  of  the  methods  of  evolution. 

At  a  recent  meeting  of  the  Board  of  Trustees  of  the  Indiana  I'niversity  1  was 
grante<l  the  use  of  the  apparatus  of  the  zo<>logical  laboratory  for  a  summer  station. 
The  station  will  be  a  part  of  the  Zoological  Hepartment  of  the  University  and  will 
afford  specialists  in  this  department  opportunities  in  field  and  survey  work. 
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While  no  fixed  courses  will  be  offered,  embryolog>'  and  zoology  will  be  taught, 
but  only  animals  found  native  to  the  region  will  be  utilized.  An  opportunity 
will  be*  given  to  teachers  and  others  over  the  State  to  study  zoology  in  the  field  at 
H  time  when  animal  life  is  most  abundant  and  the  places  of  the  interrelation  of 
«>r)|ranisni8  apparent. 


ThK   FiNCTlOKS  OF  THK  SPINAL  CORD   FROM    A   CLINICAL   StUDV.       By   GeO.    A. 

Talbebt. 

In  this  day  of  great  s<.Mentific  research  I  know  of  no  subject  that  presents  such 
intense  interest  as  some  of  the  problems  that  confront  the  neurologist.  This  In- 
tercast is  not  stimulated  so  much  by  the  actual  knowledge  possessed  as  it  is,  per- 
haps, by  the  mist  that  envelops  the  subject.  We  might  say  that  just  enough  is 
known  to  create  enthusiasm  for  greater  research. 

The  difiicultiea  that  observers  have  encountered  are  manifold,  and  for  this 
very  fact  they  have  been  led  to  be  cautious. many  times  in  coming  to  a  conclusion. 
The  very  methods  that  seem  necessary  to  obtain  the  facts  may  defeat  the  end  de- 
fiired.  The  operator  is  never  quite  certain  how  near  he  has  approached  the  nor- 
mal condition.  The  artificial  means  that  are  often  used  must  necessarily  be  rough 
imitations  of  the  natural  state.     I^et  us  take  an  illustration  : 

If  the  cerebral  lobes  of  a  frog  an>  removed  the  animal  seems  to  perform  do 
movements  except  us  a  result  of  an  external  stimulus.  The  animal  remains  in  a 
quiescent  stage  for  hours  and  even  days  at  a  time.  But  if  the  proper  stimulations 
are  br(»ught  about  the  animal  seems  to  possess  the  power  of  performing  as  compli- 
cat(Hl  movements  as  a  perfectly  intact  frog.  There  is  a  want  of  spontaneity. 
This  would  show  that  the  seat  of  the  will  must  be  in  the  removed  parts.  If,  how- 
■ever,  the  animal  is  kept  alive  for  some  time  after  the  operation,  we  find  that  there 
are  movements  which  point  quite  strongly  to  the  guidance  of  an  intelligent  .will. 
S>nie  observers  have  found  that  if  the  frog  is  kept  alive  long  enough  it  will  catch 
Hfes  and  other  food  that  comes  in  its  way,  and  it  is  even  known  to  bury  itself  in 
the  earth  at  the  approach  of  winter. 

S>  from  this  we  might  have  some  doubt  a}>out  our  first  conclusion.  We  prob- 
ably would  be  led  to  think  the  shock  that  necessarily  follows  such  an  operation 
may  to  a  certain  extent  give  us  abnormal  phenomena,  and  really  be  a  defeat  of 
the  normal  condition.  I  have  several  times  in  my  own  observations  looked  upon 
the  ri'sults  with  some  apprehension.  This  furnishes  us  with  au  example  of  the 
many  difficulties  which  are  to  be  encountered  in  laboratory  investigations.     We 
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are  presented  with  similar  barriers  when  we  try  to  draw  conclusions  from  clinical 
ca«es.  We  are  never  quite  certain  of  the  mischief  that  may  result  from  the  di.- 
ease  or  injury. 

Realizing  fully  some  of  the  dangers  that  confront  us,  it  will  lead  me  to  take 
a  conservative  position  upon  some  of  the  iKtinUs  that  I  shall  put  forth  in  this^ 
paper. 

I  will  now  present  some  facts  that  1  have  been  able  to  obtain  from  the  study 
of  a  clinical  case.  I  l)elieve  observatiim  made  in  this  way  may  in  some  respects 
be  more  valuable  than  experiments  upon  dumb  animals  in  a  laboratory,  from  the 
fact  that  we  have  an  intelligent  being  to  convey  U>  us  many  valuable  points,  esjie- 
cially  when  it  comes  to  the  interpretation  of  sensations. 

The  following  is  a  brief  history  of  the  case,  as  near  as  I  have  been  able  to 
ascertain  : 

In  the  summer  of  1888  a  man  in  Laporte  County,  Indiana,  while  trainer  to  tix 
a  binding  pole  on  a  load  of  hay.  suddenly  fell  to  the  ground,  striking  with  the^ 
greatest  force  upon  what  corresponds  with  the  twelfth  dorsal  region.  As  a  result 
the  man  was  totally  paralyzed  Inflow  the  point  of  injury  both  as  to  sensation>  and 
movement.  He  remained  in  this  condition  for  ten  months,  when  he  was  taken  to 
Chicago  and  was  operated  upon  by  a  distinguished  surgeon.  1  have  never  l»een 
able  to  obtain  the  nature  of  the  operation.  At  any  rate  the  patient  recovered  to 
a  certain  extent.  After  this,  however,  there  was  no  improvement  up  t«  the  time 
the  case  came  under  mv  observation,  which  was  four  vcars  after  the  accident  and 
al>out  three  years  after  tfie  operation. 

The  first  time  that  I  visited  the  patient  I  obtained  all  the  data  possible  of  the 
past  history,  and  made  quite  a  thorough  examination  to  find  the  condition  as  it 
then  existed.     As  a  result  I  obtained  the  following  facts: 

There  was  total  paralysis  below  the  j)oint  of  injury,  except  the  inner  side  of 
both  thighs  as  far  down  as  the  knees,  and  in  the  left  limb  <lown  to  the  ankle; 
also,  on  a  portion  of  the  right  side  of  the  abdomen  below  the  navel. 

I  did  not  see  the  patient  again  for  about  four  weeks.  In  the  meantime  I 
consulted  a  physician,  and  we  decided  to  try  the  effect  of  massage  upon  the  par- 
alyzed portions  of  the  body.  This  treatment  wa**  kept  up  daily  for  about  two- 
weeks,  when  marked  improvement  was  noted.  The  next  time  I  investigated  I 
found  that  the  sensation  of  touch  and  tempi'rature  had  been  restored  to  the  out- 
side, as  well  as  an  increased  amount  on  the  inside  of  each  limb.  The  sensations, 
however,  were  below  the  normal;  as,  for  instance,  the  iK)ints  of  the  dividers  had 
to  be  placed  from  four  to  five  indues  apart  in  order  to  bring  about  a  double  sensa- 
tioD. 
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Power  of  moveiuent  was  also  partially  restored,  so  that  he  was  able  to  lift 
hi<i  limbs  ([iiite  a  distance  from  the  bed ;  his  toes,  however,  were  still  lax  and  pos- 
sjesseil  no  sensation  nor  power  of  movement.  Although  the  application  of  massage 
was  continued  for  several  weeks,  the  improvement  peemed  to  be  most  marked  dur- 
ing ihe  first  two  weeks. 

I>ei  us  now  turn  to  the  problem,  and,  if  possible,  ascertain  its  solution.  I 
am.  however,  forced  to  confess  that  the  more  I  look  into  the  case  the  more  com- 
plicated it  appears. 

In  I  he  first  place  it  is  very  generally  believed  by  physiologists  that  there  are 
<juite  definite  paths  for  the  transmission  of  sensory  and  motory  impressions  in  the 
cord.  I  do  not  intend  to  discuss  here  the  disputed  question  of  the  position  of 
these  tracts,  but  it  is  sutiicient  to  say  that  we  are  confident  in  this  case  that  there 
Were  some  obstructions  at  first  in  the  cord,  so  that  imj)ulses  could  not  pass  from 
the  brain  to  the  limbs  and  vice  vei'sa. 

It  would  seem  at  first  sight  that  either  this  obstruction  was  removed,  perhaps 
by  the  regeneration  of  the  nerve  tissue,  or  that  the  impressions  had  been  educated 
into  new  paths. 

The  laboratory  has  given  us  (juitc  undisputed  eviden<'e  to  show  that  abnormal 
paths  are  sometimes  brought  into  use.  For  instance  hemisection  in  the  thoracic 
region  of  the  right  side  of  the  cord  of  a  dog  will  cause  paralysis  of  the  right  limb. 
Hut,  however,  after  the  effect  of  the  shock  is  passed,  recovery  is  soon  noted.  Like- 
wise hemisection  a  little  higher  on  the  left  side  of  the  cord  brings  about  similar 
phenomena  for  the  left  limb.  Again,  if  the  experiment  is  tried  still  higher  on 
the  right  side  the  story  is  again  repeated.  This  compels  us  to  believe  that  im- 
pulses would  have  to  take  a  zigzag  path.  While  this  may  be  true  of  the  dog  we 
must  not  be  too  hasty  in  concluding  that  the  impressions  can  take  new  paths  in 
the  human  cord.  It  is  a  universal  law  that  the  higher  we  ascend  the  animal 
scale  the  greater  is  the  precision  of  these  paths,  and  injury  to  the  most  definite 
ones  is  more  apt  to  have  a  permanent  effect. 

As  to  formation  of  nerve  tissue  we  know  it  is  more  likely  to  take  place  in  the 
lower  than  in  the  higher  vertebrates.  And  if  there  was  degeneration  resulting 
from  an  injury  then  there  might  be  grave  apprehensions  in  regard  to  regeneration 
in  so  high  a  form  as  a  human  being,  while  it  might  be  true  in  some  of  the  lower 
forms. 

The  suggestions  given  above  hardly  make  it  clear.  We  are  still  left  in  doubt 
^  to  the  virtue  of  the  application  of  friction.  It  makes  it  more  complicated 
when  we  think  <»f  the  length  of  time  that  the  man  was  paralyzed  and  how  sudden 
was  the  recovery  after  the  application  of  the  remedy.     It  certainly  would  lead 
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one  t<)  think  that  the  recovery  would  have  l)een  more  conipleti*  if  the  case  ha«i 
been  treated  soon  after  the  accident. 

There  is  another  way  of  looking  at  the  problem,  and  perhaps  it  comes  nearer 
if  not  quite  to  the  solution.  We  said  in  the  above  that  there  was  at  first  somf> 
obstruction,  whatever  that  may  have  l>een,  at  the  point  of  the  injury  in  the  cord, 
and  as  a  result  it  caused  the  muscles  below  the  point  of  injury  to  degenerate- 
from  disuse.  The  obstruction  in  the  cord  perhaps  after  awhile  was  removed,  and 
it  may  have  been  at  the  time  of  the  operation  by  the  surgeon. 

Let  us  now  look  to  the  laboratory  and  see  if  we  can  find  evidence  to  :iid  us  in 
solving  the  problem.  It  is  a  well  known  fact  that  there  are  nerve  fil)er8  that  have 
a  controlling  effect  on  the  calibre  of  blood  vessels,  or  to  state  it  more  exactly, 
they  hold  the  unstriped  muscles  in  a  certain  state  of  contraction.  It  is  known  to 
physiologists  as  tone.  This  may  be  demonstrated  by  cutting  the  branches  of  the 
sympathetic  system  that  supply  the  blood  vessels  of  the  ear  of  a  rabbit.  As  a 
result  the  ear  becomes  flushed  with  blood,  showing  that  the  tone  of  the  vessels  is 
lost.  It  makes  it  more  certain  if  the  end  of  the  severed  nerve  that  supplies  the 
ear  is  stimulated  artificially,  when  it  once  more  returns  to  the  normal.  If  the 
stimulant  be  strong  enough,  it  will  so  contract  the  coats  of  the  vessel  that  the  ear 
will  appear  pale.  When  we  turn  to  the  skeletal  muscles,  it  does  not  appear  (juite 
so  clear  th^t  thev  are  iDfluehced  bv  the  tonic  effect  of  nerves.  The  observations  of 
different  investigators  are  at  variance  on  this  point.  I  believe  that  the  ])re- 
ponderance  of  evidence  goes  to  show  th'at  there  is  a  tonic  effect,  or  at  least  nerves 
which  control  the  nutritive  functions,  or  have  what  is  known  to  physiologists  as  a 
trophic  action.  Taking,  for  instance,  the  severance  of  the  sciatic  nerve  of  an 
animal,  and  we  will  find  that  the  muscles  become  flabby  and  that  they  do  not 
possess  the  resistance  that  is  noticed  when  the  nerve  is  intact. 

Time  will  not  permit  me  to  go  into  the  argument  showing  that  trophic  centers 
exist  in  the  cord.  But  assuming  that  these  centers  do  exist,  let  us  see  how  they 
carry  out  their  work.  In  the  first  place,  reasoning  from  the  analogies  of  the 
action  of  the  heart  and  other  centers,  we  might  with  some  reason  suppose  that  the 
trophic  centers,  by  virtue  of  their  own  metabolism,  send  out  dt  novo  efferent 
impressions  to  the  muscles,  thus  having  a  nutritive  effect.  If  we  carry  the 
analogy  farther,  we  will  have  as  good  a  reason  for  assuming  that  there  are  afferent 
impressions  that  pass  to  these  i-enters  and,  as  it  were,  modify  the  efierent 
impressions.  There  is  experimental  evidence  to  show  that  this  is  true.  For 
instance,  if  the  posterior  root  of  a  nerve  is  severed,  while  the  anterior  root  is. 
intact,  it  results  in  a  loss  of  tone  to  certain  muscU^s. 


39 
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Let  118  turn  back  to  our  clinical  case.  We  have  tried  to  show  that  as  n  result 
of  the  injury  there  was  a  loss  of  tone,  and,  we  shall  now  try  to  show  that  its  return 
to  the  muscles  was  due  to  the  remedy  that  was  applied. 

It  does  not  seem  improbable  that  the  application  of  massage  caused  the 
afferent  impressions  which  acted  upon  the  trophic  centers  of  the  cord ;  and  this  iin 
tarn  sent  out  efferent  impressions  to  the  tc  ^eless  muscles,  and  by  that  means  they" 
were  restored  to  a  condition  so  that  they  were  able  to  respond  to  certain  iiiotory 
impulses. 

Such  an  investigation  of  necessity  has  its  limitati(ms.  The  most  essential 
facts  needed  will,  of  course,  be  in  the  dark  as  long  as  the  patient  is  alive.  An 
examination  of  the  cord,  in  order  to  obtain  the  extent  of  the  lesions,  would  make 
it  more  clear.  Even  had  we  the  opportunity  of  examining  sections  of  the  injured 
portions,  there  might  still  be  some  doubt  as  to  the  revealing  of  all  the  facts  in  the 
case.  We  do  not  know  to  what  extent  the  injured  parts  affect  those  which  are 
apparently  healthy. 

Although  the  citation  of  this  interesting  case  may  not  settle  definitely  the 
great  problem  whether  there  is  skeletal  tone,  it  will  at  least  shed  some  light  on 
the  subject. 


I>0£bHigh  Tension  of  Electric  Current  Destroy  Life?    By  J.  L.  Campbell. 


The  Purdue  Enoineerino  Laboratory  Since  the  Restoration.    By  Wm. 
F.  M.  Goes. 

A  little  less  than  a  year  ago,  Purdue  University  lost  by  fire,  the  larger  part 
of  its  mechanical  laboratory.  The  building  was  a  fine  one,  only  just  completed, 
ftod  was  occupied  by  the  Departments  of  Mechanical  Engineering,  Civil  Engineer- 
ing and  Practical  Mechanics ;  it  had  more  than  an  acre  of  floor  area,  and  was 
filled  with  an  expensive  equipment.  The  disaster  was  a  trying  one.  Not  only 
fTM  the  property  lots  apparently  irrecoverable,  but  fear  was  felt  that  the  nncer- 
tanily  and  delay  in  restoration  woold  result  in  a  loss  of  the  preetige  so  honorably 
ffOD  bj  the  Univenity  and  a  diversion  of  its  student  constituency  in  other  direc- 
tions. In-this  emergeooy  the- wisdom  and  courage  of  President  Bmart  were  quick 
4o  assert  theiBsehres.     In  a  hm  weeks  after  the  fire  new  machinery  was  running 
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in  temporary  quarters  avA  the  periiiiinent  building  was  in  })n>gres.s  of  cniistruction. 
Xo  work  prescribed  in  the  cataloiajue  has  been  omitted  from  the  course  of  aur 
student. 

The  accompanying  plan  shows  the  laboratory  as  it  now  >tands  restored.  The 
portion  which  was  burned  included  the  forji^e  room,  machine  room  and  engineer- 
ing laboratory;  also,  a  three-story  front  <'ontaining  olliees,  recitation  rooms  and 
<lrawing  rooms.  The  outline  of  the  old  building  has  been  preserved  in  the  new, 
but  the  construction  of  the  front  has  not  vet  been  undertaken.  All  lab<»ratorT 
rooms  have  been  entirely  finished  and  etpiippcd.  A  roonj  has  been  added  for  ex- 
perimental work  with  natural  gas,  an<I  the  locomotive  testing  plant  has  been  pro- 
vide<i  for  in  a  separate  building.  Not  only  has  the  capacity  of  the  structure  beew 
increased,  but  the  e(|uipmenl  also  in  every  department  has  been  improved.  Time 
'>vill  not  permit  an  enumeration,  but  the  lioor  plan  shows  the  location  of  apparatus 
j)ow  in  place  and  in  daily  use. 

It  will  be  seen  that  while  (»ther  lines  of  work  have  not  been  neglected,  the 
e«juipnient  f>f  the  engineering  laboratory  is  espe<'ially  complete  for  work  in  steaui 
engineering.  The  several  engines  shown  are  mounte<l  as  separate  plants.  This 
arrangement  avoids  any  chance  of  interference  among  difl'erent  groups  of  students 
who  may  be  working  with  diflferent  engines  at  the  same  time.  The  Buckeye, 
Straight  Line  and  Haldwin  engines  occujn*  the  floor  space,  which  before  the  tire 
was  taken  by  the  plant  now  in  the  annex.  The  Haldwin  consists  of  a  pair  of  DA 
and  10x18  Vouclain  Locomotive  Engines  fitted  up  for  the  purp(»se  of  experiment. 
These  engines  are  sujiplied  with  steam  from  the  laboratory  boilers  and  are  run 
under  the  load  of  a  friction  brake. 

The  loc<»motive  testing  plant  in  the  annex  laboratory  has  been  much  im- 
))roved.  The  plant  shows  Purdue's  locomotive,  Schenet'tady,  in  place,  but  the 
arrangement  of  the  plant  is  such  that  any  locomotive  may  be  received  and  tested. 

The  engineering  laboratory  contains  thirty-six  steam  cylinders  aggregating 
over  l,'")t)0  horse  power. 


Method  ok  Dktekminin(;  Sewage  Pollition  of  Rivkrs.      By  ('has.  C. 

Lrown,  C.  E. 

[Abstract.J 

In  1888  I  began  work  for  the  State  Ik>ard  of  Health  of  New  York  on  the 
investigation  of  the  parity  of  water  supplies  drawn  from  rivers,  with  a  detailed 
inspection  of  the  water-shed  of  the  Croton  River  from  which  New  York  City 
derives  its  supply.  This  was  almost  entirely  an  inspection  of  the  actual  sources 
of  pollution,  though  a  study  was  made  of  the  chemical  side  of  the  question.    The 
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ill vostigat ions  were  continued  during  the  following  five  years  on  the  Hudson  and 
Mohawk  rivers,  and  reports  of  the  work  are  to  he  found  in  the  annual  reporlF  of 
the  New  York  Stale  Board  of  Health  since  1888.  The  inspection  of  sources  of 
^xdlution  showed  what  went  into  the  rivers,  hut  the  chemical  analyses  failed  to 
show  with  sufficient  definiteness  the  effect  of  this  pollution  on  the  water.  We 
then  tried  the  method  of  determining  the  numl>ers  of  bacteria  in  the  water,  and 
while  that  was  fairly  satisfactory  when  the  conditions  were  simple,  we  found  it  to 
be  absolutely  necessary  that  there  be  no  disturbing  conditions  whatever,  eo  that  it 
was  difficult  in  most  ca^es  to  find  a  time  when  the  method  could  be  applied. 

We  are  told  by  the  bacteriologists  that  the  bacteria  which  are  objectionable 
in  drinking  water  are  the  bacteria  introduced  by  sewage.  We  therefore  concluded 
that  we  >hould  determine  tlie  proportion  of  such  bacteria  in  the  water.  At  this 
juncture  Dr.  Theobald  Smith,  of  the  Bureau  of  Animal  Industry,  Department  of 
Ai^riculture,  at  Washington,  suggested  a  method  of  making  this  determination, 
which  he  was  developing,  and  we  applied  the  method  to  our  stiuly  of  the  rivers 
with  results  that  are  so  far  quite  satisfactory. 

The  method  rests  upon  the  assumptions  that  JiacUlmtcoii  communiit  is  a  species 
which  is  very  common  in  sewage,  which  does  not  proliferate  under  onlinary  con- 
ditions of  running  water,  and  whose  numbi>rs  may  therefore  be  assumed  to  bear 
a  fairly  <lefinite  relation  to  the  amount  of  sewage  pollution.  Numerous  check 
ob-^ervations  uphold  these  assumptions. 

The  method  of  determining  the  numbers  of  "coli"  in  a  given  sample  uses  tho 
fermentation  tube,  now  frequently  called  the  Smith  tube  in  bacteriological  lalx)- 
ratories,  as  the  use  of  the  tube  in  bacteriology  ha-i  been  <leveloped  by  Dr.  Smith. 

The  tube,  as  shown  by  the  pictures,  is  a  bent  tube  with  one  end  closed  and  a 
bulb  at  the  other.  It  is  filled  with  a  clear  bouillon  of  beef  with  pept<me,  salt  and 
2  per  cent  of  glucose,  properly  neutralized,  or  made  slightly  alkaline.  The  tube 
and  filling  are  sterilized  by  boiling  on  three  successive  days,  the  air  driven  off  into 
the  closed  end  of  the  tube,  l>eing  decanted  so  as  to  leave  the  liquid  in  the  tube 
•terile,  and  that  in  the  closed  end  of  the  tube  without  oxygen.  The  liciuid  in 
the  bulb  is  now  inoculated  with  bacteria  and  the  tube  placed  in  an  incubator 
kept  at  98°  F.  for  36  to  48  hours.  Classifying  the  bacteria  likely  to  be  found  in 
water  as  motile  and  ntm-motile.  and  as  aerobic  and  facultative  anaerobic,  it  is 
readHyseen  that  Tloii-motile  and  aerobic  germs  will  develop  in  the  bulb  only,  and 
will  leave  the  liquid  in  the  tube  clear.  Motile  bacteria  that  can  develop  without 
oxygen  will  reach  the  tul>e  and  change  the  character  of  the  liquid.  The  tempe- 
rature of  98°  at  which  the  tube  is  kept  will  prevent  the  development  of  nearly  all 
the  common  water  bacteria.     Certain  bacteria  produce  gas  from  media  containing 
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glucose  in  varying  amounts,  the  composition  of  this  gas  varying  from  0%  (.X)^  to- 
1009^  CO2. 

BaeiUus  culi  communis  and  two  others,  much  less  (rommon  hut  also  sewage  bac- 
teria, produce  0,4  to  0.7  of  u  tul>e  full  of  gas,  of  which  0.5  to  0.7  is  COj.  .\.ll 
others  observed  produce  amounts  of  gas  and  of  (X),,  readily  distinguishable  frum 
those,  and  are,  therefore,  easily  dropped  from  consideration. 

The  process  in  examining  a  sample  of  water  is  to  prepare  a  sufficient  num- 
ber of  tubes  of  sterile  bouillon,  and  an  incubator.  The  sample  of  water  is  dis- 
tributed among  the  tubes,  an-e(|ual  amount  in  each,  the  amount  varying  according^ 
to  the  impurity  of  the  water.  With  a  pure  water  1  <*.c.  may  be  used.  With  sew- 
}ige  f\^  c.c.  may  be  found  to  1>e  too  much.  The  tubes  are  placed  in  the  incubator 
and  left  at  the  constant  tem[>erature  of  98°  for  thirty-six  hours  or  a  little  more. 
They  are  then  taken  out  and  the  proportion  of  gas  in  each  tul)e  is  determined. 
Those  promising  to  contain  Baciiltnf  coii  communis  or  its  companions  are  treated 
with  an  alkali  to  absorb  the  CO,,  and  the  propor  ion  of  CO,  is  thus  determined. 
From  the  two  determinations  the  number  of  Baeillng  rati  communis  in  the  sample  ]» 
derived,  and  thence  the  number  in  a  c.c  If  much  more  than  half  the  tubes  in- 
oculated from  a  sample  contain  '*coli"  the  amount  of  water  used  in  a  tul)e  has 
been  too  large  to  produce  a  result  which  will  compare  closely  with  other  determi- 
nations. Likewise,  if  the  sample  has  been  diluted  with  sterilized  water  before 
inoculating  the  tubes,  too  small  a  number  of  tubes  with  eoti  shows  too  great  dila- 
tion to  produce  results  that  will  check  up  with  others  from  the  same  sample. 

Many  results  have  l>een  obtained  by  this  method  in  the  last  three  or  four 
years  which  seem  to  give  closer  determinations  of  the  amount  of  sewage  pollutioD 
than  any  method  heretofore  used.  The  method  has  not  yet  had  wide  enough  ap- 
plication to  demonstrate  its  value  under  various  conditions,  but  we  feel  certain 
that  it  has  great  value  in  the  examination  of  streams  used  or  proposed  as  sources, 
of  water  supply  for  cities. 

I  have  not  time  in  the  limits  of  this  paper  to  give  the  results,  and  give  the- 
methods  only,  as  perhaps  the  more  suitable  for  the  purposes  of  this  association  at 
this  time. 


P&TGHOLOOICAL  LABORATORY  OF   ImDIANA   UNIVERaiTY.      By   W.  L.  BrYAN. 
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Imterestincj  Deposit  of  Alumina  Oxyhydrate.     By  Geo.  W.  Benton. 

[Abstbact.] 

1.  Report  of  trip  to  Southwest  Missouri,  March,  1894. 

2.  Alumina  found  in  pool  of  spring  water. 

3.  The  springs  hrought  in  the  deposit. 

4.  A  careful  survey  of  the  region  proved  that  the  deposit  is  forming,  and  is 
not  stored  up  in  quantity. 

5.  The  source  a  pure  aluminum  silicate  which  abounds  in  quantity  in  that 
region. 

6.  Some  possible  uses  of  the  deposit  and  the  silicate. 

7.  Theory  of  the  decomposition. 


Observations  on  the  Glacial  Drift  of  Jasper  County,  by  A.  H.  Purdue. 

The  writer  begs  to  state  that  his  experience  in  glacial  geology,  the  time 
spent  in  field  work  on  the  material  herein  presented  and  the  territory  explored 
are  all  limited ;  and  that  he  does  not  claim  for  the  paper  any  more  than  its  title 
indicates,  viz.:  observations  on  the  glacial  drift  of  the  locality  named.  It  is 
proper  to  state  further  that  these  observations  have  been  confined  mainly  to  that 
part  of  the  county  lying  south  of  the  Iroquois  River. 

Jasper  County  is  situated  in  the  northwestern  part  of  the  State,  with  Porter 
County  intervening  between  it  and  Lake  Michigan,  and  is  separated  from  the 
State  of  Illinois  by  Newton  County.  It  is,  therefore,  in  one  of  the  most  active  fields 
of  all  the  glacial  epochs.  Mr.  Collett  claims  (Twelfth  An.  Report  Geol.  and 
Nat  Hist,  of  Ind.,  page  66,)  that  glacial  erosion  has  removed  from  fifty  to  two 
hundred  feet  of  rock  from  the  entire  surface  of  the  county.  This  great  erosion, 
and  subsequent  glacial  action,  has  left  it  practically  level,  and  with  poor  drain- 
age, so  that  numerous  peat  marshes  abound  in  all  parts  of  the  county,  varying  in 
siie  from  a  half  acre  and  leas  to  several  thousand  acres.  Notably  among  tho 
larger  ones  are  ^'Gifford  Marsh,''  a  swamp  of  12,000  or  15,000  acres,  lying  twelve 
miles  northeast  of  Rensselaer,  and  the  ^*Blue  Sea,"  a  similar  marsh,  lying  in  the 
southeastern  part  of  the  county.  Only  the  former  of  these  has  been  visited  by 
the  writer.  It  is  an  old  glacial  lake  filled  up  with  peat  and  muck,  varying  in 
depth  from  three  to  fifteen  feet,  the  monotony  of  which  itf  broken  by  numerous 
accumulations  of  sand,  which  in  form  imitate  drumlins. 

Many  wells  have  been  drilled  in  all  parts  of  the  county,  but  no  compilation 
of  the  data  furnished  by  them  has  been  made,  so  thai  nothing  is  known  of  the  sub-^ 
glacial  topography.     It  might  be  stated,  however,  that  the  drift  varies  in  depth 
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from  a  few  feet,  as  at  Kensselaer,  to  two  hundred  feet.  The  latter  extreme  depth 
has  been  found  nowhere,  so  far  as  I  have  learned,  except  on  the  moraine  which 
extends  in  a  northeasterly  direction  across  the  county,  passing  one  and  a  half 
miles  north  of  Rensselaer. 

This  moraine  is  possibly  the  most  marked  topographic  feature  of  the  county. 
In  width  it  will  average  probably  a  mile,  and  in  height  it  varies  from  twenty  to 
eighty  feet.  It  is  said  by  Mr.  Leverett,  of  the  I'.  S.  (Jeological  Survey,  to  extend 
northeastward  into  Pulaski  County  and  southwestward  through  Newton  County 
into  Illinois,  and  is  thought  by  him  to  possibly  be  interlobate  between  the  Sagi- 
naw-Erie lobe  from  the  northeast  and  the  Lake  Michigan  lobe  from  the  north. 

One  of  the  first  thinj«?  to  attract  attenticm  in  the  study  (»f  this  locality  is  the 
great  number  of  sandy  ridges  everywhere  prevailing.  With  reference  to  direction 
it  appears  that  there  arc  two  classes  of  these.  One  class  extends  almost  parallel 
with  the  above  mentioned  moraine.  I  have  observed  them  in  Puhiski  and  Jasper 
counties,  northwest  of  Monon,  and  in  passing  over  the  Monon  Railway  from  two 
miles  northwest  of  Rensselaer  to  Parr.  The  other  class,  which  I  have  observed 
only  south  ot  the  moraine,  have  an  average  course  of  about  S.  30°  E.,  and  conse- 
<iuently  run  in  a  direction  almost  at  right  angles  to  it.  It  is  the  latter  class  to 
which  we  wish  to  invite  attention. 

These  ridges  are  (»f  two  types,  each  frecjuently  passing  into  the  other.  For 
convenience  we  will  speak  of  them  as  the  svmmetrical  and  the  unsvmmetrical. 

The  most  common  form  is  the  svmmetrical.  These  are  low,  broad,  svmmetri- 
cal  ridges.  They  vary  in  width  from  forty  yards  to  an  eighth  (»f  a  mile.  Though 
frecpiently  running  into  each  other  they  are  in  the  main  parallel,  and  often  are 
crowded  so  close  together  as  to  give  the  surface  a  billowy  appearance.  The 
troughs  between  them  always  contain  rich,  black  soil,  formed  from  the  decay  of 
i)eaty  matter,  and  indicating  former  shallow  lakes.  An  excrellent  view  of  this 
type  is  presented  along  the  **  Line  Road"  from  Rensselaer  to  Remington  for  a 
distance  of  five  miles  south  of  the  former  place.  The  view  ah)ng  this  road  shows 
them  to  run  east  and  west,  but  a  short  distance  to  the  east  they  swing  to  the  south 
and  southeast.  All  the  ridges  of  this  class  are  composed  largely  of  sand,  though 
they  contain  enough  vegetable  mould  to  prevent  shifting  by  winds,  and  permit  of 
an  excellent  yield  to  the  farmer.  I  have  never  noticed  any  gravel  in  them  except 
north  of  the  Irofjuois,  in  the  vicinity  of  the  large  moraine.  Bowlders  are  sou'e- 
times  seen  along  and  near  their  bases,  but  seldom  on  the  swell  of  the  ridge,  ex- 
cept also  in  the  vicinity  of  the  large  moraine. 

The  unsymmctrical  type  differs  from  the  symmetrical  in  size  and  shape,  in 
being  composed  more  largely  of  sand,  and  in  not  being  so  numerous.     They  are 
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much  larger  than  the  symmetrical,  varying  in  height  from  five  to  twenty-five  feet 
iibove  the  general  level.  The  average  is  probably  about  ten  feet.  The  south  and 
west  slopes  are  gradual  and  more  or  less  broken,  while  the  north  and  east  slopes 
are  steep  and  even.  Horizontally  these  slopes  are  very  sinuous,  resembling  the 
hanks  of  winding  streams;  but  the  fact  that  at  their  bases,  often  stretching  to  the 
north  and  east  for  a  mile  or  more,  are  extremely  level  expanses  frequently  cov- 
ered with  peat,  forcing  upon  even  the  unobserving  the  recognition  of  ohl  lake 
lieds,  dispels  the  idea  of  their  being  such.  At  the  same  time  the  winding  c(»urse 
of  the  ridges  prohibits  the  idea  of  their  having  been  thrown  up  by  wave  action 
from  the  lakes.  In  many  places  these  ridges  are  too  sandy  to  be  cultivated  with 
profit,  in  others  the  soil  is  good,  and  at  a  few  points,  to  be  mentioned  later,  gravel 
has  been  found.  They  are  freciuently  cut  through  by  what  ai>parently  were 
escapes  for  the  water  confined  by  them.  In  these  cuts,  which  usually  reach  to  or 
near  the  base  of  the  ridge,  bowlders  can  pretty  confi<lently  be  searched  for. 
Bowlders  are  also  occasionally  found  along  their  bases. 

Only  in  the  gravel  pit**  above  referred  to  has  the  writer  seen  any  indication 
of  stratification.  Two  of  these  pits  are  situated  a  mile  and  a  quarter  wcf*t  of 
Rensselaer,  near  the  Iro<|Uois  River.  There  are  three  others  a  mile  and  a  halt' 
south  of  Rensselaer.  Places  in  these  show  attempts  at  sorting  by  rapid  and 
changeable  currents,  but  the  greater  part  of  the  material  is  unsorted,  and  it  wouhl 
seem  that  their  deposition  was  effected  almost  wholly  by  direct  glacial  action. 

I^t  it  l)e  re{»eated  that  the  two  types  often  grade  into  each  other.  A  ridge 
that  in  places  presents  the  most  rugged  jispect  of  the  unsymmetrical,  may,  in  the 
course  of  a  mile,  grade  into  the  most  feeble  of  the  symmetrical  type;  and  at  a 
(>oint  about  three  miles  north  of  Remington  an  unsymmetrical  ridge  grades  into 
a  low,  flat  ridge  covered  with  numerous  !>owlders,  and  evidently  a  moraine. 

Of  course,  the  thing  of  interest  in  connection  with  these  ridges  is  the  question 
of  their  origin.  It  has  been  claimed  (Twelfth  An.  Rep.  Geol  and  Nat.  Hist,  of 
Ind.,  page  66)  that  they  are  dunes  formed  along  the  northeast  and  east  shores  ol^ 
former  lakes,  and  were  produced  by  southwesterly  winds.  While  the  examination 
of  numerous  cuts  has  not  disclosed  the  least  sign  of  lamination  by  either  wind  or 
water,  there  seems  to  be  no  doubt  that  the  unsymni.etrical  ridges  are  due  very 
largely  to  a^jlian  action ;  but  it  does  not  seem  that  the  low,  flat,  symmetrical 
ridges,  so  frequently  connected,  or  passing  into  each  other  and  forming  the  rims 
of  ponds  could  have  been  produced  in  this  way.  The  fact  that  the  two  tyjie** 
grade  into  each  other  indicates  a  common  origin  at  least  of  their  basal  portions. 
Also  the  fact  that  bowlders  are  more  numerous  along  and  near  the  bases  of  these 
ridges,  esjiecially  the  symmetrical  type,  than  elsewhere,  together  with  the  fact  that 
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bowlders  are  liable  to  be  found  in  the  cuts  through  the  large  ridges  is  considered 
oignificiint.  It  w<»uld  also  seem  that  the  parallelism  and  continuity  of  the  ridges 
of  both  types  are  greater  than  could  be  expected  of  deposits  determined  alone  by 
wind.  In  the  gravel  pits  south  of  Rensselaer  there  is  nothing  to  indicate  that  the 
adjoining  portions  of  the  ridges  were  formed  in  a  manner  different  from  those 
portions  where  gravel  is  found. 

The  above  facts  suggest  the  {>osHibility  of  the  symmetrical  ridges  having  l>een 
formed  directly  by  glacial  action  as  the  glacier  receded  to  the  northeast;  and  in 
some  ('Hhcs  they  have  served  as  lodgment  tracts  for  the  accumulation  of  wind- 
blown sand^  in  that  way  largely  determining  the  course  and  extent  of  the  un- 
symmetrical  or  dune  ty)»e.  But  more  field  work  is  necessary  before  considering 
this  beyond  a  hypothesis. 

There  are  at  least  two  bowlder  belts  in  the  count v,  but  l)ecause  of  limited 
time  I  have  not  been  able  to  follow  them  out.  ( )ne  of  these  is  north  of  Reming- 
ton and  the  other  is  east  and  southeast  of  Rensselaer.  The  latter  I  have  traced 
from  the  junction  of  the  Iroquois  and  Pinkamink  rivers  southeastward  for  a  dis- 
tance of  three  miles.  It  will  probably  be  found  to  extend  southeastward  and 
eastward  into  White  County,  forming  the  southern  border  of  the  old  lake  through 
the  bed  of  which  the  Mon<m  Railroad  passes,  from  l>ee  to  Pleasant  Ridge.  The 
careful  location  of  these  bowlder  belts  will  probably  throw  light  on  the  glacial 
phenomena  of  the  lo«'ality. 


C'oN('ERNiN(j  A  Burial  Moi'NP  Rkckntly  Opkned  in  Kandoli'ji  CorNrv.    By 
.Joseph  Moore. 

iSouthern  Randolph  and  the  adjacent  portion  of  Wayne,  is  in  the  main  a  level 
tract,  the  land  during  ordinary  reasons  l)eing  rather  wet. 

Besides  a  number  of  well-defined  made  mounds  in  the  neighborhood  of  Lynn 
Station  on  the  (t.  R,  ^  1.  R.  R.  there  are  frequent  examples  of  natural  mounds. 
These  are  usually  much  larger  than  the  artificial  mounds.  They  may  be  com- 
pared to  drift  islands  surrounded  by  Hat  areas  of  dark  colored  soil.  Some  of  these 
mounds  of  modified  drift  have  been  utilized  by  ancieni  peoples  as  burial  grounds. 
The  one  of  which  1  speak  is  a  fraction  over  a  mile  west  of  Lynn  Station.  It  is 
about  loOyanls  in  circumference  and  18  to  20  feet  high,  and  is  so  symmetrical  as  to 
have  the  appearance  of  a  made  mound ;  but  in  a  wide  cutting  made  through  it  by 
the  gravel  haulers  the  structure  clearly  shows  an  aqueous  deposit  from  top  to 
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Attorn.  In  this  mound  the  workmen  say  they  have  opened  ''more  than  a  hun- 
-dred  graves."  They  "counted  till  they  reached  seventy."  <^uite  a  number  of  the 
«kull.s  were  sufficiently  preserved  to  bear  handling,  even  after  being  for  a  short 
time  ex{>08ed  to  the  air.  Some  of  them  on  being  treated  with  a  solution  of  glue 
have  rather  a  fresh,  recent  look.  Very  many  of  the  l>ones  were  broken  to  crumbs 
l>y  visitors  in  sport.  Some  of  the  skeletons  were  in  a  sitting  posture  with  the  chin 
-crowded  upon  the  knees. 

The  depth  of  the  graves  was  from  a  yard  or  less  to  twelve  feet  and  more. 
The  skeletons  were  of  both  sexes  and  various  ages,  some  quite  young.  It  was 
aili'ged  that  a  horse's  bones  were  found,  but  I  was  unable  to  find  the  least  scrap. 
Tbey  also  tell  of  a  dog's  skull  with  the  teeth  all  perfect.  This  is  possibly  so,  but 
it  would  seem  more  likely  that  it  was  the  head  of  a  wolf,  which  is  quite  similar. 
'Quito  a  number  of  implements  were  found,  some  of  which  are  here  on  the  table. 
'<Jne  skeleton  was  found  with  a  large  dart  in  each  hand. 

They  assert  that  a  scapula  was  found  pierced  by  a  (lint  dart  and  that  the 
-dart  was  lodged  in  said  bone,  but  that  the  bone  immediately  crumbled  from  about 
it.  There  were  beads  of  bone,  shell  and  copper — but  few  of  the  latter — also 
•eop|>er  rings,  tube  pipes  and  various  other  things,  the  uses  of  which  are  not  very 
well  known. 

You  will  see  in  the  skulls  presented  for  your  examination  that  there  is  quite 
a  diversity.  Two  of  them  are  of  the  brachy cephalic  or  short-head  type,  one 
•barely  so,  the  other  extremely  so.  The  one  has  the  lateral  diameter  in  the  pro- 
portion to  the  fore  and  aft,  as  86  to  100,  the  other  of  92  to  100.  The  others  are 
-all  orthocephalic,  though  one  of  them  approaches  to  the  long-head  type. 

You  will  note,  not  only  the  extent  to  which  the  teeth  are  worn,  but  also  the 
peculiar  manner  of  the  wearing.  It  will  also  be  seen  that  decayed  teeth,  caries  of 
the  bone  and  also  signs  of  gum-boils  and  abcesses  are  not  confined  entirely  to 
-civil ixed  races. 

The  upper  wisdom  teeth  in  one  of  the  skulls  show,  each,  examples  of  enamel 
tnWrcle^  on  the  fangs,  a  rather  rare  phenomenon,  as  I  understand. 

You  will  note  also  in  one  of  them  an  extraordinary  double  suture  at  upper 
imrder  of  occiput. 

A  question  of  interest:  Did  such  diverse  skulls  Indong  to  the  same  tribe,  or 
•^id  different  tribes  at  different  times  bury  in  the  same  grounds? 


KrVKIlSAL  OF    A    Cl'RRENT    IN    THK    T<KPLKR-HoLZ    KlECTRKAL    MaCHINE.       By 

.J.  L.  Campbell. 
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A  Flokida  Shell  Moind.     By  V.  F.  Glick. 


These  old  bhell  iiioiinds  are  (piite  niimorous  on  liu*  Atlantic  C(»a8t  of  Florida^ 
and  are  located  principallv  on  both  shores  of  the  salt  water  lagoons,  the  g:reater 
nuniher  beinjr  found  on  the  western  or  mainland  shores  and  near  the  water. 

The  mound  in  question  is  tm  the  western  shore  of  the  Halifax  lagoon,  and 
within  the  town  limits  of  Davtona,  Valusia  Countv,  Florida.  It  is  an  enormouR 
"  kitchen  midden  "or  back  door  refuse  heap,  covering  at  least  an  acre  of  surface  ten 
feet  thick,  and  containing  something  like  four  hundred  thousand  cubic  feet  of 
shells,  bones  and  pottery.  We  ha<l  a  good  opportunity  of  studying  the  mound, 
measuring  sections,  etc.,  as  it  was  l)eing-  hauled  away  to  construct  streets  and 
roads.  More  than  half  this  enormous  pile  of  rubbish  has  been  removed  in  the- 
past  two  years,  opening  up  the  mound  in  its  various  features  to  the  curious  student 
and  archicologist. 

The  contents  of  the  heap  are  arranged  in  layers  or  strata  of  shell  and  soil,  tlie 
layers  varying  in  thickness  in  <lifl['erent  seetions  (as  per  chart),  the  rule  being  a 
layer  of  shells  from  two  to  three  feet  in  thickness,  and  resting  on  this  from  **ight 
to  ten  inches  of  soil.     There  are  two  or  more  such  formations  cd'  decomposed  shell 
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soil  found  between  the  bottom  and  top,  the  first  being  from  three  to  four  feet  above 
the  general  level,  which  is  from  three  to  four  feet  above  low  tide  in  the  lagoon  near 
by.  Above  this  soil  strata  is  another  of  shell  two  feet  thick,  tollowed  by  another  of 
soil,  several  feet  more  of  shell  reaching  to  the  top.  The  surface  of  the  mound  has 
quite  recently  been  covered  with  a  heavy  growth  of  forest  trees,  such  as  live  oak, 
water  oak  and  wild  orange,  some  of  these  several  hundred  years  old.  A  portion 
(»f  the  mound  is  enclosed,  and  forms  part  of  the  gnuinds  of  a  I)ayt<ma  resitlent. 
These  grounds  are  rich  in  tropical  and  semi-tropical  plants  and  trees,  the  sjloe, 
banana  and  tropical  pawpaw  growing  luxuriantly  with  the  fig,  oh'ander  and  or.-,  jjije. 
Shells,  bones  and  j)ottery  form  the  principal  }>art  of  the  contents  of  the  um  o  d,. 
about  9')  i)t.  shell,  o  pt.  bone,  pottery,  roots,  etc.  Tlu'  orange  and  live  o:ik  loois- 
find  their  way  through  the  ten  feet  of  shell  and  soil  into  tlu-  moist  earth  b<  neath^ 
making  all  imaginable  crooks  and  angles  on  their  way  down. 

The  oyster  is  the  shell  found  in  greatest  abundance.  The  small  salt-water 
clam,  conch,  (juahaug  clam  and  sea-snail  follow  in  the  order  named.  Wlicn  the- 
water  is  not  too  fresh,  the  oyster  is  found  in  the  Halifax  lagoon.  The  other  •  hells 
Wlong  to  the  ocean.  The  inflow  <>f  fresh  water  often  destroys  the  oyster.  l!vi(l«.nce 
of  this  is  seen  in  the  mound  bv  a  laver  of  ovster  shells  l)eing  covere<l  bv  one  oi  ihe^ 
small  clams  from  the  ocean  beach.  The  rough  (Fulgar  Canaliculatas)  and  smooth 
(Pyrulus  Canaliculatas)  conches  are  distributed  throughout  the  heap.     The  larger 
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oi  these  are  often  broken  into,  to  more  easily  obtain  the  animal,  the  large  sea-snail 
being  treated  in  the  same  manner.  The  ciuestion  may  bo  asked  as  to  how  the 
thick,  heavy  walled  shells  were  broken,  as  no  stone  implements  were  found.  Ky 
examination  of  the  rongh  exterior  of  the  conch  (Fulgar  canalioulatas),  in  it  may 
be  found  an  excellent  implement  for  the  purpose.  Bones  and  pottery  are  also  found 
throughout  the  mass.  The  bones  are  chiefly  those  of  animals  taken  in  the  chase, 
deer,  bear,  lynx,  alligator,  dog  and  fish,  of  the  latter  only  the  vertebra*  remains. 
The  greater  portion  of  these  bones  crumble  to  pieces  on  exposure  to  the  air.  The 
jK)ttery  is  almost  entirely  fragmentary,  no  whole  vessels  being  found  to  my  knowl- 
edjn.*,  however,  the  restorations  which  have  been  made  from  large  fragments  would 
indicate  vessels  of  ten  to  twelve  gallons  capacity.  The  pottery  of  the  lower  layers 
is  nide  and  rough,  and  without  any  ornamentation  whatever,  while  that  taken  from 
the  up|>er  strata  is  better  made  and  with  some  efforts  at  ornamentation. 

The  size  of  these  aboriginal  cooking  vessels  would  seem  to  prove  that  the  liv- 
ing shell  was  heated  or  boiled  to  more  easily  obtain  the  animal.  Shells  of  the 
quahaug  clam  (Venus  mercinaria),  abundant  in  the  refuse  heap,  are  now  rare  <m 
the  adjacent  coast.  Attempts  have  been  made  to  determine  the  age  of  these  ancient 
heaps  of  rubbish,  but  such  determination  in  the  light  of  present  data,  may  be  <iuite 
wmjeclural.  However,  from  the  evidence  it  is  obvious  that  they  are  not  recent,  but 
must  run  far  back  into  the  dim  ages  of  the  past.  It  is  hoped  that  further  investi- 
gation may  throw  more  light  upon  the  manuei*s,  customs,  habits  and  history  of  the 
people  through  whose  instrumentality  these  immense  accumulations  were  formed. 


A  Note  on  Rock  Flkxirk.     Hy  E.  M.  Kindle. 

The  phenomenon  of  rock  flexure  is  familiar  enough,  as  it  occurs  in  anticlines 
and  synclines  in  many  regions.  These  natural  bendings  of  rocky  strata,  however, 
afford  no  data  for  determining  the  actual  values  of  the  factors  producing  them, 
the  pressure  and  the  time  during  which  it  has  acted.  The  time  factor  recjuired 
to  produce  bending  without  fracture  in  a  solid  stone  is  so  large  as  to  have  pre- 
vented any  except  accidental  experiments  in  this  direction. 

Such  an  experiment  I  discovered  two  or  three  years  ago  in  progress  in  a 
country  cemetery  one-half  mile  south  of  the  village  of  Nineveh,  Ind.  Over  <»ne 
of  the  graves  there  has  been  placed  a  horizontal  marble  slab,  which  was  formerly 
8up|>orted  by  a  brick  wall  eight  or  ten  inches  high  surrounding  the  grave.  At 
the  time  of  my  first  visit  this  wall  had  crumbled  down  along  the  greater  portion 
of  each  side  of  the  slab,  leaving  it  supported  mainly  by  the  portions  which  still 
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remained  intact  at  the  ends  of  the  slab.  The  long  continued  Kupport  of  the  slab 
at  the  extremities  alone  had  caused  it  to  sag  to  Huch  an  extent  ns  to  he  <{uitc  no- 
ticeable even  to  the  casual  obnerver. 

Recently  I  revisited  the  place  to  determine  exactly  the  amount  of  Hexure 
which  the  slab  had  undergone.  I  found  it  had  been  broken  into  five  or  six  pieces 
by  vundals.  On  one  of  the  pieces,  which  had  formed  a  portion  of  one  side  of  the 
slab  near  the  middle,  I  measured  carefully  the  amount  of  Hexure.  This  piece 
measured  two  feet  eight  and  one-half  inches  along  the  original  edge  of  the  slab. 
The  Hexure  along  this  direction  was  one-teuth  of  an  inch.  The  dimensions  of 
the  original  slab  were:  I^ength,  six  feet  one  inch  ;  breadth,  two  feet;  and  thick- 
ness, one  and  four-fifths  inches.  The  measurement  of  the  fragment  will  not  per- 
mit of  an  exact  estimate  of  the  amount  of  flexure  in  the  original  slab,  but  wonld 
seem  t<»  indicate  a  Hexure  of  not  lees  than  a  quarter  of  an  inch,  and  possibly 
more.  The  slab  bears  the  name  of  Sarah  Mullikin,  and  gives  the  year  1847  as  the 
date  of  her  death.  I  ascertained  that  the  stone  had  been  put  in  ix)sition  shortly 
after  this  date.  The  Hexure  cou'd  not  have  begun,  however,  until  the  decay  of 
the  middle  portion  of  the  supporting  wall  had  made  considerable  progress.  This 
we  may  presume  to  have  been  not  less  than  ten  years  after  its  construction.  If 
we  suppose  the  gradual  bending  to  have  been  in  progress  since  1858,  about  ten 
years  after  the  stone  was  put  in  position,  then  we  have  a  Hexure  of  about  one- 
fourth  of  an  inch  in  a  slab  one  and  fuur-Hfths  inches  thick,  produced  by  the 
stress  of  the  stone's  own  weight,  acting  through  a  period  of  thirty-seven  years. 


Thk  .Vlternate-Curkent  Transformer   With  Condenser  in  One  or  Both 
CiRcriTs.     By  Thomas  Gray. 


Elaspic  FATifii'E  OF  WiRFx.     By  C.   Leo  Mefx 


A  Warped  Surface  of  Tniversal  Elliptic  Eccentricity.     By  ('.  A.  Waldo. 


ActlTRATE   MEAs*rREMENTS  OF  SURFACE   TENSION.       By    A.    1..    KoLEY. 


Effect  of  the  (iaseoijs  Medium  on  the  Eli-xtrochemical  E<iUivALENT  of 
Mfttals.     By  C.  Leo  Mees. 
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8<)ME  New  Lahoratory  Appliances  i^  Chemistry.     By  H.  A.  HuaroN. 

IArstract.j 
A   machine  for  use  in  making  Rolutions  of  difficulty  soluble  substance!  at 
various  temperatures  was  described.     Also  a  new  form  of  stirring  machipe  for 
a«e  in  precipitating  ammonium,,  magnesium  phosphate  and  similar  work. 
Cuts  are  necessary  for  a  full  understanding  of  the  paper. 


Vt»Lr METRIC   Determination   of   Phosphorite  in  Steel.     By  W.    A.    NoYNB 

ANI>  J.    S.    ROYSK. 


The  Action  of  Ammonia  Upon  Dextrose.     By  W.  E.  Stone. 

[Abstract.! 

I >extro8e  is  commonly  regarded  as  belonging  to  the  class  of  chemical  com- 
pounds known  as  aldehyden.  Several  of  the  characteristic  reactions  of  this  oli^ 
of  compounds  are,  however,  not  given  by  dextrose  or  have  not  been  heretofore 
ob(*erved.  (.'hief  among  these  are  the  reaction  with  a  decolorized  fuchsin  soln^on 
and  the  formation  of  ammonia  compounds. 

This  paper  describes  the  preparation  and  properties  of  a  crystallenic  com- 
p<»und  of  dextrose  with  ammonia  which  seems  to  belong  to  the  class  of  aldehyde- 
ammonia  derivatives.  Its  importance  lies  in  the  contAbution  of  this  new  pfoof 
oi  the  aldehyde  character  of  this  typical  sugar  and  that  without  much  donbt  a 
whole  series  of  such  derivatives  can  be  prepared  from  the  other  so-called  glacose 
sugars.  

A<'TioN  OF  Zinc  Ethyl  on  Ferric  Chloride  and  Ferric   Hromii>e.      Bv  H. 
II.  Ballard. 


The  Sucjar  of  the  Centi-ry  Pj.ant.     By  W.  K.  Stone  and  D.  Ixjtz. 

(Abstract.] 

The  '' maguey"  plant  or  u4^r€  Amei'icaria  furnishes  the  materials  for  m9,ny 
important  industries  in  Mexico.  Its  juices  obtained  at  the  flowering  period  con- 
tain about  15  per  cent,  of  a  fermentable  sugar.  By  their  alcoholic  fermentfttiou 
HTe  produced  several  beverages  of  more  or  less  intoxicating  nature.  The  iibrp  of 
the  leaves  is  utilized  in  many  ways  and  the  juices  of  the  plant  when  treated  vith 
^ufh  lye  make  a  kind  of  soap. 
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The  paper  deals  more  eai)eeially  with  the  character  of  the  sugar  present  whicb 
has  already  been  described  by  two  Mexican  chemists  as  a  distinct  and  new  kind 
of  sugar.  The  results  given  in  this  paper  go  to  show  that  this  sugar  is  not 
different  in  any  way  from  that  of  the  cane  or  the  beet-root  or  the  maple.  That  it 
is  a  definite  chemical  compound  known  as  sucrose  and  that  without  much  doubt 
the  announcement  of  the  Mexicans  of  the  discovery  of  a  new  sugar  was  based 
upon  erroneous  observations. 


Camphoric  Acid.    Hy  W.  A.  Noyes. 


Action  of   Potassium  Sclfhydrate    Upon   Certain    Aromatic  Chlorides. 
By  Walter  Jones  and  F.  C.  Sciiecch. 


A  New  Phosphate.     By  II.  A.  Huston. 


Dip  of  the  Keokuk  Rock.s  at  P>i/x)Mixoton,  Indiana.     By  E.  M.  Kindle. 

In  the  course  of  s<inie  stratigruphical  studies  in  Monroe  County  it  became  de- 
sirable to  ascertain,  as  accurately  as  possible,  the  dip  of  the  Keokuk  strata.  As 
is  fifenerallv  the  case  with  Indiana  rocks  the  Keokuk  strata  are  not  sutticientlr 
inclined  to  admit  of  the  use  of  the  clinometer  in  determining  their  dip.  It  was 
therefore  necessary  to  determine  the  relative  elevations  of  two  points  lyin^  in  the 
directi(m  of  dip  in  some  stratum,  and  separated  by  a  known  distance.  It  is 
essential  in  this  method  of  estimating  dip  that  a  stratum  or  horizon  be  selected 
which  can  hv  positively  ideniitie«l  at  difTerent  points. 

The  contact  of  the  Keokuk  with  the  Knobstone  is  readily  recognize*!  wher- 
ever it  outcrops  in  Monroe  County,  both  by  the  striking  palcontologii^al  and  lith- 
ological  differenct»s  between  the  two  groups.  The  Keokuk  is  everywhere  at  the 
contact  with  the  Knobstone  an  impure  fossiliferous  limestone,  while  the  Knob- 
stone  is  a  massive  sandstone  entirely  without  fossils.  1  therefore  selected  the  con- 
tact of  the  Keokuk  with  the  Knobstone  as  the  most  convenient  stratum,  fnmi 
which  to  determine  its  dip.  The  ravines  north  of  Bloomin^ton  afl'ord  numerous 
exposures  of  the  contact.  Two  points  for  the  <*omparison  of  elevation^  were 
selected;  one  a  mile  and  a  half  north  of  Bloomington  on  the  North  Pike,  the 
other   in  a   ravine  nearlv  due  east  of  the  tirst.     A  survevor's  transit  was  used  Uh, 
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^determine  the  differeiu'o  in  level  between  the  two  points.  For  assistance  in  this 
w<»rk  I  am  indebted  to  Mr.  C.  E.  Siebenthal  and  Mr.  George  Champ.  The  dis- 
tance l)etween  the  two  points  was  estimated  by  stadia  measurement.  A  reduction 
of  the  data  obtained  showed  the  points  to  be  1^  miles  apart,  and  the  dip  of  strata 
between  them  to  be  at  the  rate  of  ()3.6  feet  to  the  mile.  This  result  was  so  much 
larger  than  was  anticipated  that  the  ground  was  gone  over  a  second  time  by  Mr. 
Champ  and  myself.  The  second  survey,  with  a  **Y"  level,  confirmed  the  cor- 
rei»tness  of  the  first,  thus  8ht)wing  the  Keokuk  strata  to  have  a  dip  west  of  nearly 
-64  feet  to  the  mile  in  the  neighborhood  of  Bloomington. 


Wave  Marks  on  Cincinnati  Limestone.     By.  W.  P.  Shannon. 

In  the  southwest  part  of  Franklin  County,  three  miles  west  of  Oldenberg,  in 
ihe  bed  of  Salt  Creek,  are  good  examples  of  wave  marks  on  Cincinnati  limestones. 
These  wave  marks  are  nothing  new.  They  have  been  referred  to  by  different 
students  of  the  Cincinnati  strata,  and  are  characteristic,  since  they  occur  at  all 
horizons  of  the  Cincinnati  rocks.  This  does  not  signify  that  every  stratum  or  layer 
is  so  marked,  but  that  such  marks  are  rarely  found  in  other  than  the  Cincinnati 
limestones.  Another  stratigraphic  character  of  the  Cincinnati  rocks  is  the  alterna- 
tion of  strata  of  limestone  and  shale.  The  strata  are  thin,  each  one  being  usually 
made  of  a  single  layer  or  ledge. 

Within  a  distance  of  one-quarter  mile  up  and  down  the  bed  of  the  creek,  four 
irave-marked  strata  are  exposed,  and  according  to  the  law  of  the  Cincinnati  forma- 
tion, each  one  is  overlaid  by  a  stratum  of  shale.  Of  the^  four  wave-marked 
strata  the  three  uppermost  are  consecutive,  not  consecutive  strata,  but  consecutive 
limestone  strata. 

In  no  two  strata  are  the  wave  marks  in  the  same  direction  or  of  the  same  size. 
Ail  four  t)f  these  strata  are  fine  grained,  compact  limestone,  showing  that  they 
"were  made  of  calcareous  sand  or  mud.  A  description  of  two  of  these  wave-marked 
strata  will  be  sufficient,  the  two  which  have  the  greatest  exposure.  One  forms  an 
uninterrupted  floor  to  the  stream  for  a  distance  of  lOO.feet;  the  width  of  this  ^or 
is  25  feet.  The  wave  marks  are  transverse  to  the  course  of  the  stream,  and  if  we 
stand  at  the  lower  end  of  this  area  and  look  up  stream  it  is  hard  to  keep  from 
thinking  that  we  are  looking  at  real  undulations  in  water.  It  requires  a  conscious 
effort  to  keep  from  identifying  the  effect  with  the  cause.  If  we  measure  these 
waves,  they  are  about  two  feet  from  crest  to  crest,  with  a  vertical  distance  of  about 
•three  inches  from  crest  to  hollow.     Besides  wave  marks  this  ledge  shows  mud 
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rraoltB,  which  have  checkered  the  surfatH'  into  roughly  hexagonal  arean.  The  ex* 
intetice  of  ttiud  cracks  in  limestone  is  a  valuable  note.  In  the  American  <Teolo- 
giBl,  Vol.  TV.,  No.  6,  IK  an  engraving  of  a  slab  of  Cincinnati  limestone,  showing 
mud  cracks.  The  specimen  was  found  by  Prof.  C  W.  Hargitt  near  Moore's  Hill, 
and  is  now  in  the  Moore's  Hill  College.  The  association  of  mud  cracks  and  wave 
mArks  in  the  same  ledge  is,  no  doubt,  u  valuable  note  in  working  out  the  condi- 
tions which  gave  rise  to  alternating  sediments  of  limestone  and  shale.  The  wave 
marks  are  evidence  that  the  sea  was  so  shallow  that  slight  undulations  touched 
b<»ttom.  The  mud  cracks  arc  evidence  of  some  form  of  land,  a  low  tide  island,  at 
least.  The  two  together  seem  to  show  a  marke<l  shallowing  of  the  sea  during  the 
history  of  one  limestone  stratum,  or  a  transition  from  lime-depositing  to  shale- 
depositing  cronditions. 

The  other  wave-marked  strutum  to  be  described  presents  a  surface  of  cx)K>sure 
alMMit  100  feet  bv  i>0  feet.  The  waves  are  about  three  feet  from  crest  to  cn.»st,  and 
the  hollows  are  about  three  inches  deep.  These  wave  marks  differ  from  those  of 
the  other  three  strata  in  that  they  are  curved  like  rainbows.  These  curved  waves 
are  evidence  that  the  undulations  of  water  that  caused  them  were  mo<litied  bv 
neighboring  shoals  or  land,  the  results  of  a  shallowing  Si>a. 

In  this  paper  I  have  given  only  certain  facts  of  structure  and  have  nssigneil 
what  I  believe  to  be  the  immediate  causes  of  these  structures.  The  great  problem 
of  the  Cincinnati  formation  is  the  invariable  alternation  of  limestone  and  shale 
strata.     The  structure  noted  uiay  be  helpful  in  working  out  this  problem. 


Stbi'ctural  Ueolo<jic    Wokk   of  J.    H.    Meaniji   in    Arkansas.     By    J.    C 
Hrannrr. 

Correlation  of  Silurian  Swtions  in    Kastkrn   Indiana.     Bv  V.  F.  Mar^- 
TERs  AND  K.  M.  Kindle. 


SoMK  Nkw  Indiana  Fossils     Bv  ('.   E.  Nkwlin. 


KxTiNcr  Fai'na  cf  Lake  CorNTV.     Hv  T.  II.  Bai.l. 

The  object  of  this  pa|KT  is  lo  pn>cnt,  so  far  us  i>  known.  Mnne  account  of 
animals,  sup|>osed  to  l)e  native,  that  no  longer  are  found  in  the  county  of  Lake. 

].  I  mav  as  well  name  lirsi  nnc  that  has  surelv  been  extinct  (luite  a  number 
of  vears,  the   mastodon,  remains  of  which  were  found  near  an   old   beaver  dam 
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about  three  miles;  west  of  the  present  town  of  Crown  Point.  The  portions  found 
were  the  teeth,  weighing  some  four  pounds  each.  I  am  sorry  not  to  have  in  my 
possession  any  of  its  bones,  but  the  remains  of  a  huge  quadruped  were  found  there 
without  a  doubt. 

2.  I  name  next  the  beaver,  Castor  fiber  or  amei^icanus ;  remains  of  the  works  of* 
these  busy  toilers  having  been  found  in  different  parts  of  the  county,  an<l  some 
rodent  bones,  supposed  to  be  of  beaver,  were  exhumed  at  the  head  of  Cedar 
Lake,  along  with  human  remains,  October  1,  1880,  the  human  skeletons  having' 
been  there  more  than  two  hundred  years.  'No  living  beaver  have  been  seen  in  the 
eouDty  f«)r  more  than  sixty  yeart',  the  settlement  of  the  county  bearing  date  of 
1834. 

3.  There  is  some  evidence  found  in  the  records  of  the  early  French  explor- 
ers that  the  buffalo  or  American  bison  roamed  over  the  prairies  and  mar.'>hes  of 
northwestern  Indiana  two  hundred  years  ago,  but  that  animal,  in  tlx'  region 
named,  has  certainly  l>een  extinct  beyond  the  reach  of  the  knowledge  and  mem- 
ory of  two  generations  of  hunters  and  trappers. 

4.  Some  individuals  of  the  black  bear  species,  Urrnm  ameHcaimx^  wen*  found 
in  the  county  some  sixty  years  ago  by  the  very  earliest  settlers.  One  was  shot  by 
Solon  Robinson  where  is  now  the  town  of  ( -rown  Point.  The  few  seen  were  prob- 
ably stragglers,  their  proper  domain  just  touching  the  broad  prairie  region  be- 
ginning in  the  northwestern  corner  of  the  State. 

o.  Elk  horns  have  been  found  at  Cedar  Lake  and  in  the  West  Creek  mar»h, 
one  of  which  is  now  in  my  possession,  showing  that  once,  perhaps  a  hundred  years 
ago,  this  stately  animal  fed  beside  these  waters. 

6.  The  earlier  inhabitants  of  the  county  found  a  few  wild  cat8,  probably 
Felis  catunj  one  of  which  species  was  killed  at  the  head  of  Cedar  Lake,  in  an  aider 
thicket  or  swamp,  early  in  1838.  A  large  and  formidable  looking  animal  he 
seemed  to  me  to  be,  as,  with  the  eyes  of  a  young  hunter  boy  eleven  years  of  age,  I 
looked  upon  him.  For  years  that  thicket,  which  was  on  my  father's  land,  was 
known  as  Wild  Cat  Swamp.  These  cats  may  be  calleil  extinct  since  1840.  Indi- 
viduals also  of  the  lynx  species  or  variety,  Lyrur  rujun^  it  is  claimed,  were  seen  and 
heard  in  early  times,  fifty  years  agi>.  I  myself  saw  in  the  night,  going  down  from 
a  tree  to  which  we  had  chased  it,  an  animal  that,  judging  from  its  movements, 
might  have  been  a  lynx,  but  none  were  then  killed.  Miss  Belle  Dinwiddie,  of 
Flam  (rrove,  is  authority,  and  competent  authority,  for  the  statement  that  an  an- 
imal of  the  cat  kind  and  called  a  lynx  was  killed  near  her  home  a  few  years  ago. 
It  is  probable  that  only  one  species  of  Felis  was  native. 


?.  The  common  American  deer.  Cariacui<  virginiantts^  was  once  very  abundant 
in  the  county.  The  foHowing  is  one  of  Lake's  historic  records  :  "When  putting 
on  the  roof  of  the  Rockwell  house  in  Crown  Point,  V.  Hoi  ton  and  others  saw, 
coming  out  from  Brown's  Point  and  passing  out  across  the  prairie  to  School  Grove, 
a  drove  of  deer,  one  bounding  after  the  other,  according  to  their  best  count  in 
number  one  hundred  and  eleven." 

I  never  myself  saw  so  many  at  one  time,  but  I  have  ri<lden  in  among  them  by 
night  and  have  seen  them  by  day  in  numbers  sufficient  to  delight  the  eyes  of  a 
hiintei  or  of  a  naturalist.  But  not  one  can  now  be  found  on  these  five  hundred 
miles  of  area.  Several  years  ago  there  was  a  cold,  hard  winter.  The  snow  was 
quite  deep,  and  on  the  snow  came  what  is  called  a  crust.  On  the  top  of  the  crust 
the  dogs,  the  boys  and  the  men  pursued  the  almost  helpless  deer  and  slaughtered 
them  without  mercy.  Few  survived,  and  now,  as  I  have  said,  of  these  beautiful 
nnimals  and  of  the  spotted  fawn  that  could  •l)e  seen  in  the  spring  time,  in  all  the 
island  groves  and  wild  pastures  there  is  left  not  one. 

8.  The  habitat  of  the  timber  wolf,  Canis  lupa.%  extended  into  the  south- 
A?nstern  part  of  Lake  County,  into  what  is  called  Eagle  Creek  Township.  These 
have  been  considered  as  not  actual  denizens  for  fifty  years,  but  a  few  individuals 
have  made  occasional  visits,  some  in  1872,  and  three  or  four  in  1893,  one  of  which 
was  killed  by  Mr.  O.  Dinwiddio,  of  Plum  (Jrove. 

y.  The  bald  eagle,  HaHnetiin  leurocephalus,  once  a  native,  for  a  nest  of  this 
grand  bird,  perhaps  its  last,  was  found  in  183o  in  the  eastern  part  of  the  county, 
and  gave  name  to  a  stream  an<l  the  stream  to  a  township,  I  name  next,  as  now 
extinct.  One  fine  specimen  of  this  species  that  was  shot  on  my  father's  place  at 
Cedar  Lake  in  1857,  measured  from  tip  to  tip  of  its  outstretched  wings  s(»ven  and 
ji  half  feet.  It  is  possible  that  <me  may  now  and  then  fiy  lor  an  hour  over  the 
southern  shore  of  Lake  Michigan,  but  they  do  not  sit  now,  as  in  boyhood  L  used 
to  see  them,  on  the  great  oaks  at  Cedar  Lake  to  watch  the  fish  hawks;  their  native 
home  is  in  the  county  of  Lake  no  more. 

10.  I  name,  last,  a  reptile  that  the  citizens  of  Lake  may  well  hope  has  iK'come 
extinct,  although  possibly  some  few  yet  linger  amid  the  growing  civilization,  the 
ground  rattle  snake,  perhaps  Crotalm  horridm^,  quite  poisonous,  and  fifty  years  ago 
verv  abundant.  1  had  a  dog  that  disposed  of  other  snakes,  but  when  he  found 
one  of  these  he  backed  out  and  kept  away.  The  last  one  that  I  saw  was  killed 
•  mie  four  years  ago. 

It  is  not  always  easy  to  trace  a  border  line,  and  some  other  species  1  might 
<all  extinct  of  which  a  few  individuals  may  still  be  found,  but  in  addition  to  these 
ten  species,  some  of  which  made  not  a  little  wild  life,  1  will  name  as  approaching 


•^xtiDction  the  prairie  wolf,  Canh  latranSy  of  which  in  boyhood  I  sliot  oife  and 
trapped  one;  the  (»tter,  the  mink,  ai.d  the  raccoon;  also  the  black  squirrel,  the 
pinnated  grouse,  the  partridge  and  the  quail.  As  a  citizen  of  Lake  County  I  may 
«iy,  with  most  of  them  we  dislike  to  part.  We  had  them,  some  of  them  by  the 
ttiou^ands,  once,  but  now  they  are  rapidly  disappearing.  Yet,  notwithstanding 
our  fourteen  railroads,  our  thirty  towns  and  villages,  with  their  constant  hum  of 
Imstiness,  and  our  thousands  of  farms,  we  still  have  of  mammals,  birds  and  rep- 
tiles, of  both  vertebrates  and  invertebrates,  quite  a  rich  fauna  left  for  the  study  of 
-childhood  and  youth,  for  the  investigations  of  the  naturalist;  but  very  little  now 
for  the  sportsman,  the  hunter,  or  the  trapper,  where,  according  to  the  estimate  of 
E.  W.  Dinwiddie,  "2o(),0(Mj"  wild  fowls  have  been  shot  in  a  single  season,  and 
some  sixty  thousand  musk  rats  have  been  trapped  in  a  single  year;  where  a 
thousand  ducks  have  been  in  one  sportsman's  house  at  one  time;  where  the  wild 
geii>e  have  been  almost  by  the  million,  but  where  along  our  southern  marsh  they 
make  their  nests  no  more. 

.\11  these  that  I  have  named  are  becoming  so  rapidly  extinct  that  they  will 
soon  no  longer  form  a  part  of  our  fauna,  and  Lake  County  will  lose  its  former 
renown  as  the  sportsman's  j)aradise. 


Tin:  Synonymy  of  the  Ohio   Kiver   I'nionid.k.      By  R.  Ellsworth  Call. 

L  Abstract.] 
The  Ohio  River  is  the  original  source  of  most  of  the  earlier  described  Unio- 
nida'  of  North  America.  The  French  explorers  collected  these  forms  and  sent 
them  to  Europe.  Among  naturalists  there,  who  described  these  collections,  was 
Lamarck,  who  thus  becomes  the  original  source  of  information.  .1#ater  Say, 
Ratine8<|ue,  C>)nrad,  Barnes  and  Lea  severally  studied  the  Unios  collected  in  the 
Ohio  and  gave  different  names  to  the  same  forms.  There  has  resulted  a  confusion  of 
8pe<*itic  names  that  has  greatly  retarded  a  correct  understanding  of  the  shells  of 
this  river.  This  paper  redescribes  the  shells  of  such  species  as  are  imperfectly 
kn<»wn,  gives  the  synonymy  of  the  several  forms,  has  complete  bibliographic  refer- 
ences to  original  publications  and  illustrations,  and  has  full  notes  on  the  geo- 
graphic distribution  of  the  several  forms  throughout  the  drainage  basin  of  the 
Ohio. 

An  attempt  at  a  natural  grouping  has  also  been  made.  An  early — the  earliest 
described — form  has  been  made  the  type  of  the  several  divisions  which  are  to  be 
taken,  not  as  sub-generic  divisions,  but  as  arbitrary  morphologic  si*ctions,  each  of 
which  will  include  forms  that  are  closely  alike  in  essential  details.  Through  this 
grouping  the  facts  lead  to  a  rather  extensive  synonymy. 
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The  Strepomatid.k  of  the  Falls  of  the  Ohio.     By   li.   Kli>i worth   Call. 

I  Abstract  .J 

This  paper  HhIs  the  variouK  forms  of  t)ie  several  geuera  which  occur  at  this 
locality.  Notes  on  habits  and  abundance,  on  synonymy  and  geographic  distribu- 
tion are  included.  The  species  found  number  only  ten  nominal  one^,  and  <»f  these 
several  are  synonyms.  There  are  bibliographic  referc'nces  to  original  descriptions- 
and  to  published  figures. 

The  ten  s}>ecics  found,  are  distributed  unequally,  among  four  genera. 

The  conditions  at  the  falls  of  the  Ohio  are  well  suited  to  this  form  of  niollus- 
can  life,  and  they  may  be  summe<l  up  in  terms  of  the  rich  development  of  the 
several  si>ecics  in  the  matter  of  numl>er  and  perfection  of  form.  The  locality  is^ 
one  of  o])timum  conditions  for  the  development  of  strep<»matid  life. 


The  Swami'S  of  Franklin  Cointy.     By  M.  H.  Stooi*s<. 

To  one  entering  Franklin  County  by  rail,  he  gains  the  impression  that  he  is 
far  distant  from  a  swamp.  On  either  side  of  the  White  Water  River  are  high 
hills,  which  overlook  the  river  valley.  At  times  the  train  seems  to  be  rushing 
into  one  of  the  hills,  when  it  suddenly  glides  around  the  side,  leaving  the  traveler 
to  gaze  at  the  side  of  the  hill,  which  rises  abruptly  to  a  bight  of  three  hundred 
feet. 

This  river  valley  owes  its  origin  t<»  the  glacial  |>i*rio<l.  In  this  -ection  of  the 
State  the  drift  extends  south  into  Kentucky.  It  is  doubtful  whether  the  ice  ex- 
tended farther  south  than  this  point.  The  melting  of  the  vast  quantity  of  ice 
formed  a  mighty  river  that  rushed  to  the  south  and  cut  out  the  White  Water  val- 
ley. The  present  White  Water  River  was  the  main  (*hannel  of  the  glacial  river 
for  southeastern  Indiana.  This  river  wore  through  the  rocks  to  a  depth  of  over 
five  hundred  feet.  Although  the  present  hills  are  only  from  three  hundred  to  four 
hundred  feet  high.  The  valley  has  l>een  tilled  with  drift  to  the  depth  of  about 
one  hundred  and  fifty  to  one  hundred  and  seventy-five  feet  at  Brookville.  i>n 
either  side  of  the  valley,  after  ascending  the  hills,  the  county  is  comparatively 
level  in  places,  except  close  to  the  tributaries  of  the  river.  Some  parts  of  the 
i'ounty  are  very  level  and  can  only  be  cultivated  because  of  artificial  drainage. 

In  the  northeastern  part  of  Franklin  County  was  the  swampy  region.  The 
early  settlers  in  this  county  ignored  that  section,  they  settled  the  river  valley  and 
hills  before  any  one  had  the  courage  to  even  try  the  highest  portions  of  the  swampy 
region  at  that  time,  what  is  now  Bath  Township,  and  the  wealthiest  township  in 
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Franklin  County  was  the  home  of  the  beaver,  bullfrogs  of  immense  size  croaked 
through  the  early  spring  mimths  with  nothing  to  disturb  their  music  except  the 
qaack  of  the  wild  duck  and  the  squall  of  the  goose.  Bath  Township  is  on  the 
divide  between  the  White  Water  and  Miami  river  systems.  Part  of  the  land  is 
drained  by  the  Miami  and  part  by  the  White  Water  river.  The  swamps  were 
caused  by  large  quantities  of  ice  being  left  on  the  land  to  slowly  melt,  as  it  melted 
the  water  was  carried  off  to  the  east,  south  and  west,  while  a  great  part  of  their 
debris  was  left  on  the  ground  which  partially  buried  the  ice,  this  ice  slowly  melted 
and  left  large  ponds  of  water  all  over  the  township. 

As  the  soil  carried  down  by  the  ice  was  an  impervious  clay,  the  water  could 
not  very  easily  escape  except  by  evaporation,  when  the  snows  and  rains  of  winter 
came  they  were  again  filled  to  oveHiowint?. 

They  varied  in  size  from  u  ([uarter  of  an  acre  to  a  hundred  or  more  acres. 
\»  the  settlers  became  more  and  more  numerous  they  were  pushed  nearer  and 
nearer  the  wet  lands,  as  it  was  impossible  to  raise  anything  on  this  wet  laud  the 
settler  began  to  devise  means  to  carry  orl  this  surplus  water.  He  succeeded  until 
there  are  only  two  or  three  swamps  that  have  not  yielded  to  his  labor.  Through- 
out the  wooded  portion  of  the  township  are  low  places  which  collect  the  spring 
rains  and  hold  the  water  far  into  the  summer,  but  only  one  large  swamp  remains, 
that  is  known  as  the  ^*big  swamp.'  It  is  alxmt  a  mile  long  and  one-fourth  of  a 
mile  wide  at  its  greatest  width.  It  is  now  covered  with  a  tangled  giowth  of  vines, 
willows  and  soft  maples.  It  was  formerly  covered  with  a  coarse  grass  which  grew 
four  or  five  feet  high.  Each  year  the  farmers  plow  a  little  closer  to  it  or  put  iu 
a  new  tile  ditch  so  that  they  are  gradually  reclaiming  some  of  the  best  farming 
land  in  the  county.  This  swamp  in  the  spring  of  the  year  is  a  miniature  lake,  after 
a  heavy  rain  the  water  is  often  four  feet  deep  in  places.  It  abounds  in  thousands 
of  frogs  that  can  be  heard  on  any  mild  day  in  winter,  .\round  the  edges  chim- 
ney crawfish  rear  their  chimneys  in  great  numbers.  Wild  ducks  only  occasionally 
visit  it,  but  snipe  are  common. 

This  swamp  was  formerly  the  home  of  the  beaver.  To  have  an  abundant 
supply  of  water  he  built  a  dam  at  each  end  of  the  swamp.  As  they  exist  to-day, 
they  are  about  seventy  to  eighty  feet  in  length  and  four  to  five  feet  high.  These 
beavers  knew  how  to  economise  their  labor,  because  they  built  their  dam  at  the 
point  where  it  would  require  the  least  work.  The  water  runs  out  of  this  swamp 
in  two  directions.  It  is  the  source  of  Big  Cedar  creek  that  empties  into  the 
White  Water,  and  the  source  of  Sand  creek  which  finds  its  way  to  the  Miami 
river.  When  it  was  the  home  of  the  beaver,  the  water  was  probably  ten  feet 
deep.     An  open  ditch  at  the  south  dam  is  ten  feet  l>elow  the  surface;  add  to  this. 
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'the  height  of  the  dara  as  it  now  exists,  and  it  is  thirteen  feet  from  the  bottom  of 
the  ditch  to  the  top  of  the  dam. 

Tlie  land  that  has  been  reclaimed  from  the  swamp  is  a  black  vegetable  mould 
that  is  very  productive.  Several  wells  have  been  made  in  the  reclaimed  land  that 
furnish  a  strong  flow  of  sulphur  water,  at  a  depth  of  four  to  six  feet,  out  of  a  pure 
white  sand.  The  soil  is  very  porous,  where  it  seems  perfectly  dry,  water  will  soon 
fill  your  tracks,  and  the  furrows  made  by  the  plow  fill  with  water  by  the  time  the 
farmer  can  make  a  second  round. 

In  traveling  along  the  roads  the  existence  of  former  swamps  are  very  plainly 
seen.  The  soil  is  a  grayish  or  whit€  clay.  The  decayed  vegetable  matter  in  the 
swamps  made  a  black  soil  which  contrasts  strongly  with  the  white  clay.  Some 
farms  are,  however,  all  black  soil.  The  amount  of  this  soil  always  determines 
the  value  of  the  land. 

The  big  swamp  of  late  years  has  completely  dried  during  the  long  continued 
dnmghts,  as  to  the  surface  appearances,  but  a  stick  stuck  in  the  soft  loose  sr»il 
-comes  out  wet,  and  the  hole  soon  fills  with  wat«r.  The  old  settlers  sav  that 
numen»us  fish  could  be  taken  from  it  during  the  spring  months,  when  there  was 
plenty  of  water,  and  that  a  tall  coarse  grass  covered  it  entire  during  the  summer. 
In  the  fall,  when  the  grass  was  dead,  it  was  often  fired,  when  it  would  bum  for 
weeks  at  a  time,  burning  great  holes  in  the  ground  about  the  edges  of  the  swamp. 
This  swamp  is  undoubtedly  of  glacial  origin,  and  formerly  extended  over  more  or 
less  of  Bath  Township.  It  has  been  the  home  of  the  beaver.  It  is  underlaid  with 
pure  white  sand  and  furnishes  abundance  of  sulphur  water.  Man  has  lal>ored  for 
seventy  years  to  redeem  it,  and  has  almost  concjuered,  making  the  wilderness 
blossom  as  the  rose. 


Water  CrLTU RE  Metiioi>s  With  Indigenous  Plants.     By  D.  T.  MacDouc.ai^ 

During  the  course  of  some  extended  experiments  relative  to  the  general 
nature  and  functions  of  the  tuberous  formations  on  the  roots  of  Isopyrum  it  was 
found  impossible  to  secure  a  normal  development  of  this  hardy  plant  in  pots  with 
customary  greenhouse  temperature.  An  examination  <»f  the  habit  of  the  plant 
reveals  the  fact  that  it  starts  into  active  growth  at  the  close  of  the  winter  season, 
when  the  soil  is  scarcely  above  the  freezing  point,  and  by  the  aid  of  a  few  days  of 
warm  sunshine  accomplishes  its  yearly  growth,  during  a  jwriod  when  the  difference 
between  the  soil  and  air  temperature  is  greatest.  The  amount  of  such  difference 
between  the  soil  of  a  northern  hillside  and  the  air  in  April  and  May,  the  growing 
i>criod  of  the  plant,  is  very  great  in  this  latitude,  45°.     With  such  facts  in  hand 
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it  was  easily  interpreted  that  the  discoloration  and  loss  of  leaf  by  the  plants  in. 
the  greenhouse  was  the  direct  eflfect  of  an  abnormal  absorption  of  water  induced 
b)'  the  unaccustomed  high  temperature  acquired  by  the  small  quantities  *  f  soil  in 
the  pots.     The  attempt  was  made  to  give  the  plant  more  nearly  the  normal  con- 
ditions of  temperature,  and  at  the  same  time  grow  it  in  culture  solutions.     Since 
it  is  found  in  very  moist  localities  the  latter  condition  offered  no  violent  changes 
to  the  habits  of  the  plant.     Ordinary  culture  jars  of  a  capacity  of  one  liter,  pro- 
yide<l  with  zinc  tops,  weie  used.     The  diageotropic  rhizomes  were  imbedded  in 
asl>e8to8  fibre  in  a  sunken  chamber  in  the  zinc  tops  in  such  manner  that  the  fibrous 
r(¥>t8  depended   into  the  fluid  beneath.     The  jars  were  set  their  full  depth  in  a 
roomy  box  full  of  porous  soil.     By  means  of  a  constant  drip  from  a  water  tap  the 
earth  was  kept  saturated,  and  by  reason  of  the  initial  low  temperature  of  the 
water  and  the  rapid  evaporation  the  fluid  substance  was  kept  quite  cool.     So. 
nearly  does  this  meet  the  natural  conditions  of  the  plant  that  specimens  several 
years  old  were  lifted  from  the  soil  in  the  woods  and  successfully  grown  by  this 
method.     The  writer  now  hhs  several  plants  which  have  been  under  such  treat- 
ment during  a  period  of  nine  weeks.     They  are  of  normal  size  and  stature,   and 
at  this  date  (December  18)  exhibit  a  number  of  flowers,  opening  buds  and  matur- 
ing seed?,  while  the  development  of  the  roots  can  be  followed  with  the  greatest 
ease.     This  method  has  been  used  by  students  in  water  culture  experiments  with 
the  cultivated  plants  v«ry  successfully,  and  by  its  use  it  has  been  found  jxissible 
to  bring  under  continuous  observation  during  the  winter  season  several  species  of 
hardy  native  plants.     In  investigations  on  material  of  this  kind  it  is  believed  it 
will  prove  valuable. 


Work  Shefa'es  for  Laboratory.     Hy  Katherine  E.  Golden. 
These  are  shelves  which  were  constructed   in  such  a  manner  as  to  do  awav 

• 

with  all  vibrations  from  the  floor  and  walls.  This  object  was  attained  by  the  use 
of  iron  pipe.  Round  holes  were  cut  through  the  floor,  through  which  were  driven 
two  iron  pipes,  two  and  one-half  inches  diameter,  into  the  ground  beneath  to  a 
depth  of  about  three  feet.  If  the  ground  were  very  Arm,  a  lesser  depth  would  do. 
The  pipes  were  left  a  convenient  height  above  the  floor.  Heavy  planks  ha<l  holes 
bored  in  the  two  ends,  through  which  the  pipes  fitted  closely,  the  planks  being 
held  firmly  in  position  by  means  of  clamps  placed  beneath  them.  By  means  of 
theclsmps  the  height  of  the  shelves  can  be  varied  at  any  time  to  suit  one's  con- 
venience. This  kind  of  shelf  is  preferable  to  that  which  is  suspended  from  the 
walls  of  a  building,  as  the  latter  vibrates  with  the  building. 
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One  pipe  would  be  sufficient  for  a  BUiall  table,  so  that  one  might  thus  utilisM^ 
a  small  corner  of  a  room.     Pipes  driven  into  the  ground  are,  of  course,  practica 
ble  only  when  the  laboratory  is  on  the  ground  floor  and  does  not  require  too  great 
an  extent  of  the  pipe  above  the  ground. 

The  special  features  of  these  shelves  are  their  cheapness,  the  carrying  of  a 
number  i>f  shelves  on  the  same  pair  of  pipes,  and  the  ease  with  which  they  can 

be  fixed  up,  so  that  one  might  readily  set  up  shelves  for  dif- 
ferent pieces  of  apparatus. 
J  I  use  the  shelves  for  work  where  a  plant  is  on  a  lower 

level  than  the  apparatus  used  with  it.  This  result  is  gotten 
by  boring  a  hole  through  the  shelf  and  fastening  the  rod  of 
a  ring-stand  in  the  hole  with  a  nut.  The  ring  can  then  be 
adjusted  to  any  height  on  the  rod. 
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New  Apparatus  for  Vixjetahle  PiiYi4ioLo<;Y. 
By  J.  C.  Artiu'r. 

1  A  BSTBACT.J 

The  following  ap^uiratus  was  described  :    ( 1 )  A  respiration 

I  g[  apparatus  to  determine  the  amount  of  carbon  dioxide  exhaled 

.•<  by  breathing  plants  within  a  certain  time  at  a  fixed  tempera- 

'cture^  the  baryta  method  being  used;    (2)  a  centrifugal  appa- 

,£  ratus  for  revolving  growing  planilets  at  a  high  speed,  to  replace 
*S 

S  gravity  with  n  similar  force,  that  may  be  varied  at  pleasure, 
P^ 
,  in  order  to  determine   its  effec't   in   giving  directi<m    to   the 

«  forming  organs  of  plants;  (3)  a  gas  chamber  to  supply  different 

11  s 

^.^ gases  to  living  tissues  under  the  microscope;    (4)  a  slide  with 

binding  posts  to  convey  a  current  of  electricity  through  living 

tissues  under  the  microsi'ope;  and  (5)  a  hygrometer  to  exhibit 

the  comparative  rate  of  evaporation  of  water  from  the  two 

sides  ot  a  leaf.     An  instrument  of  each  kind  was  exhibited, 

except  the  first  one  menti(»ned,  which  waj«  illustrateil  with  a 

drawing. 

1 .  Th  e  Bespi  ration  a  i*i> aratus  consists  of  a  smal  1  gl  ass 
chamber  in  which  the  seeds  or  other  growing  parts  are  placed. 

This  is  su«*|)ended  by  means  of  a  brass  cover,  in  an  outer 
jur  containing  water  of  suitable  temperature.  The  respiration 
chaml)er  is  connected  through  potash  bulbs  and  a  wash  bottle 
with  an  aspirator,  so  that  to  l>egin  with,  all  carbon  dioxide  may 
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W  removed  from  the  chamber  and  afterwards  a  current  of  air  free  from  carbon  diox- 
ide ho  forced  slowly  through  the  chamber.  As  the  air  leaves  the  chamber  it  passes 
through  a  long  Pettenkofer  baryta  tube,  containing  a  solution  of  barium  hydrate, 
and  then  through  a  similar  but  smaller  tube,  also  containing  barium  hydrate.  Only 
om>  long  and  one  short  tul>e  are  used  at  a  time.  When  the  first  period  is  ended 
the  rnrrent  of  air  is  diverted  to  the  other  pair  of  tubes  by  the  turn  of  a  stopcock, 
an«i  in  the  meantime  the  first  pair  of  tubes  is  emptied,  refilie<i  with  fresh  solution 
and  placed  in  readiness  to  be  used  when  the  second  period  is  ended,  and  so  on. 
The  solution  from  the  tubes  is  titrated,  and  by  a  simple  calculation  the  amount 
oi  carbon  dioxide  exhaled  by  the  plantlets  ascertained  for  each  i>eriod. 

The  apparatus  is  a  modification  of  the  one  used  by  Prof.  Pfeffer  .  IJnters. 
Bol.  Inst.  BU  Tubingen,  I,  037),  which  in  turn  was  an  adaptation  of  Prof.  Pet- 
tenkoferV  apparatus  for  studying  the  respiration  of  animals. 

2.  The  Centrifugal  Apparatits  is  to  illustrate  Knight's  famous  experi- 
ment in  geotropism.     The  essential   part  of   the  apparatus  consists  of  a  closed 

chamber  kept  moist  by  dripping  water,  in  which  a 
cork  disk  is  made  to  revolve.  On  this  disk  are  pinned 
germination  seeds.  This  disk  is  revolved  rapidly 
( from  one  hundred  to  five  hundred  revolutions  a  min- 
ute )  for  some  time,  and  the  position  assumed  by  the 
growing  roots  and  the  stems  observed.  The  moist 
chamber  and  revolving  disk  may  be  set  horizontally, 
vertically  or  at  any  intermediate  angle.  The  speed  is 
found  by  moving  a  paper  over  a  pencil  point  at  the 

Fi8rQre2.   Arthur  Centrifugal  lower  end  of  the  spindle  for  a  definite  time.      It  may 
Apparatus.  '  "^ 

l>e  run  by  any  convenient  power,  as  a  small  water  motor,  or  an  electric  motor. 
The  apparatus  is  an  invention  of  the  writer. 

o.  The  Gas  Chamber,  for  use  on  the  stage  of  the  microscope,  consists  of  a 
shallow  brass  chamber,  three  inches  long  by  one  and  three- fourths  broad,  with 
projecting  metal  tubes  at  either  end.  One  side  of  the  chamber  is  provided  with  a 
glaw  window,  and  the  opposite  side  has  a  circular  opening,  which  is  to  be  closed 

when  in  use  with  the  cover 

glass    bearing    the   object 

for  the  experiment.     The 

object  to  be  examined   is 

Figure  3.  placed  in  a  drop  of  water 

upon  the  center  of  the  cover  glass.     The  glass  is  then  inverted  over  the  opening 

of  the  gaa  stage,  the  margin  having  first  been  smeared  with  vaseline  in  order  to 
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make  the  glass  fit  air  tight  to  the  metal.  The  gas  is  now  pusseii  into  the  ehanil>er 
from  a  j^nerator  or  reHervoir  through  one  tube,  escaping  through  the  other.  The 
apparatus  has  been  in  use  some  time  in  P^uropean  laboratories. 

4.  The  CJlaj^s  Slii>k  with  Binding  Posts,  to  be  use*l  when  it  is  desiretl 
to  pass  an  electric  current  through  a  microscopic  object,  consists  of  the  usual  form 

of  microscopic  slide,  with  a  small  brass 

binding  post  at  either  end,  connected 

with  a  pair  of  clips.     To  put  into  use, 

Figure  4.  lyf^^  small   wedge-shaped  pieces  of  tin 

foil  are  placed  under  the  clips,  so  that  the  points  nearly  touch.     The  object   is 

then  mounted  between  them  and  covered  with  a  cover  glass  in  the  usual  manner. 

5.  Thk  Awn  IIycjrometer  is  used  t(»  indicate  the  loss  of  moisture  from  a 
leaf  surface.  It  consists  of  a  thin  glass  chamber,  a<*n»ss  the  mouth  of  which 
extends  an  adjustable  metal  rod.  An  awn  of  stipa  is  supported  from  the  middle 
of  the  n»d  by  a  set  screw,   and  from  the  other  end  of  the  awn  an  index  projects- 


~^9^caab 


Figure  o.  Darwin  Awn  Hygroiuetor. 
at  right  angles.  As  the  air  of  the  chamber  becomes 
moister  the  awn  untwists,  and  the  index  is  carried 
around.  The  most  satisfactory  way  of  using  this 
instrument  is  to  fasten  a  pair  of  hygrometers  of  e<|ual 
sensitiveness  to  a  leaf,  one  on  either  side,  by  means 
of  a  mixture  of  wax  and  oil.  The  leaf  is  either 
left  attached  to  the  plant  or  dipped  into  water  to 
prevent  wilting,  as  shown  in  Hgure  oa.  The  com- 
parative rate  of  transpiration  from  the  upj)er  and  lower  surfaces  of  a  leal'  is  thus- 
obtained. 

This  instrument  in  the  crude  form  was  seen  bv  the  writer  when  vi'iiiiui'  the 
laboratory  of  Mr.  Francis  Darwin  at  ('aml)ridge  in  188.S,  and  has  brin  in  u^nc  in 
the  physiological  laboratory  of  Purdue  University  since  that  time.  The  present 
form  is  the  result  of  this  experience. 


Figure  ">«.    Hygromotor 
in  I'se. 
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CoLLFxTioNs  OK  Flakts  Made  Duhik<j  1894.     By  M.  R  Thomas. 


It  w&»  thought  that  it  might  be  of  Home  interest  to  those  working  in  various 
fiarts  of  the  State  u(>on  the  Biological  Survey,  to  hear  regarding  the  botanical 
work  that  has  been  accomplishetl  in  and  about  Crawfordsville  during  the  past 
year.  In  connection  with  the  regular  required  work  of  the  senior  year,  the  stu- 
denUi  are  expected  t<i  devote  much  of  their  time,  e8|>ecially  during  the  last  term, 
to  the  preparation  of  papers  upon  some  special  topics.  The  results  of  this  work 
last  year  were  presented  to  the  Academy  in  a  short  paper,  and  it  is  the  purpose  of 
this  abstract  to  add  a  few  notes  regarding  the  addititms  that  have  been  made  dur- 
ing the  year  to  the  material  that  will  ultimately  enable  us  to  obtain  a  fairly  com- 
prehensive knowledge  of  the  forms  of  plant  life  in  (Mir  region.  It  must  be  recog> 
nized  that  much  of  the  work,  covering  as  it  does  a  wide  range  of  subjects,  can  not 
be  pushe<l  with  the  speed  or  exhaustiveness  that  would  be  desired,  but  since  in  all 
cases  material  is  preserved  and  stored  away  with  accurate  and  complete  notes,  it 
will  in  time  leave  but  examination  and  ultimate  determination,  an  easy  task  in 
comparison  with  the  laborious  work  of  systematic  collecti<»n  and  preliminary 
determination. 

One  of  the  subjects  upon  which  faithful  and  earnest  work  was  done  included 
a  study  of  the  trees  and  shrubs  of  our  flora.  This  work  was  carried  on  by  Mr.  L. 
M.  (ventry,  and  his  painstaking  efforts  resulted  in  <iuite  a  large  list  of  these  ]ilants 
to  our  region.  His  tabulated  statements  show,  collected  up  to  June  20,  116  s])ecies 
and  varieties  of  trees  and  shrubs,  representing  twenty-seven  orders  and  sixty -seven 
genera.  This,  when  compared  with  the  whole  number  already  reported  in  the 
state,  will  be  seen  to  be  quite  a  goodly  representation  for  so  small  an  area.  By  a 
careful  system  of  taking  notes  and  marking  trees,  a  record  is  preserved  of  each 
locality  to  assist  in  further  studies. 

The  next  subject  of  interest  was  the  work  on  the  mosses  of  our  region,  by 
Messrs.  C.  (Gentry  and  E.  W.  Olive.  Careful  collectioni  were  made  and  the 
material  studied  very  faithfully,  but  it  is  expected  since  the  determination  of 
•peeies  was  done  without  any  great  supply  of  literature  and  no  herbarium  for 
comparison,  that  some  inaccuracies  in  naming  will  appear  when  the  material  is 
submitted  for  final  examination.  The  list,  however,  shows  thirty  s)>ecie8,  repre- 
senting nineteen  genera. 

The  other  problem  of  a  systematic  character  undertaken  by  the  students  wu^ 
carried  on  by  Mr.  Tom  Moore,  and  was  a  study  of  the  filamentous  algte.  Com- 
paratively nothing  upon  this  subject  has  been  published  from  this  state,  and  tin* 
work  started  by  Mr.  Moore  was  almost  pioneer  in  this  locality.     Notwithstanding 
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the  difficulties  at  prettent  in  the  way  of  a  systematic  arran^^etnent  of  the  specie8  of 
thi»i  group,  because  of  the  uncertainties  in  regard  to  the  position  of  certain  forms, 
Mr.  Moore  very  carefully  identi6ed  and  preserved  about  twenty  species.  This 
represents  a  ver}'  small  number  of  the  forms  studied,  and  as  the  work  is  now 
being  continued  by  him  under  Dr.  Farlow*8  direction  at  Cambridge,  it  is  expecte<l 
that  some  substantial  record  may  be  made  to  this  part  of  our  flora. 

The  list  of  parasitic  fungi  reported  from  our  vicinity  has  been  increased  by 
Mr.  Olive,  much  of  it  during  the  class  work  in  this  subject,  until  we  now  have 
17'»  species  and  250  hosts,  twenty-seven  species  and  forty-three  hosts  being  new  to 
the  list  published  in  the  proceedings  of  last  year.  About  forty  8|>ecies  yet  remain 
to  l>e  determined. 

Work  in  the  phanerogams  has  been  continued  and  204  species  added  to  our 
loc:il  list.  These  do  not  include  those  in  the  report  of  Mr.  Gentry  on  trec»s  and 
shrubs. 

The  local  list  of  pteridophytes  n<»w  amounts  to  niHeteen.  We  are  yet  far  from 
the  desired  condition,  but  yearly  additions  are  giving  us  better  insight  int^)  our 
flora  and  enabling  us  to  work  to  far  better  advantage  than  heretofore. 


The   Flowerfng  Plants  of  Wabash  County.     Bv  A.  B.  Ulrey  and  J.  N. 

JENKIN8. 


Revision  of  the  Phaneroc»amic  Flora  of  the  State.     By  Stanley  Coulter. 

[Abstsxct.] 
A   review  of  work  done  during  the  year,  including  list  of  families  studied 
in  detail,  collections  examined,  with  presentation  before  Academy  of  work  as  far 
as  completed.     Suggestions  were   also  oflferecl   concerning  collection   of  certain 
forms  in  which  existing  herbaria  were  strikingly  deficient. 


Rkih)Kt  of  the  Botanical  Division  of  the  Indiana  State  Biological  Sir- 

vky  1'X)R  1894.     By  Licien  M.  TTnderwood. 

[Abstract.] 

Account  of  work  in  the  field  accomplished  by  the  survey  during  the  year. 
Necessity  of  having  an  organized  body  of  correspondents  throughout  the  stat4'. 
Issue  of  eMficcalo'j  with  terms  of  distribution.  Statement  of  work  on  the  liiglier 
fiora.  Difficulties  inherent  in  the  collection  of  the  lower  plants.  Acknowledg- 
ments. 
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An  Incbeasino  Pear  Disease  in  Indiana.     By  Liciex  M.  Underwood. 

[Abstract.] 
Septoria  pirieola  Desm.,  was  first  collected  in  the  state  by  Dr.  J.  C  Arthur,  in 
Tippecanoe  County,  in  September,  1892.     It  was  collected  by  the  writer  in  Put- 
nam County  in  October  of  the  same  year.     Since  that  time  its  ravages  are  on  the 
increase,  and  it  has  been  seen  in  u  number  of  [iear  orchards  in  central  Indiana. 
The  disease  appears  early  in  the  summer  and  continues  as  long  as  the  leaves  re- 
main on  the  trees.     It  manifests  itself  in  the  form  of  a  series  of  brownish  spots  on  the 
leaf  where  the  chlorophyll-bearing  tissue  is  destroyed  by  the  fungus.     On  many 
leaves  examined  from  one-fifth  to  one-half  of  the  leaf  was  diseased.    The  effect  was 
^een  in  the  utter  failure  of  the  tree  to  produce  fruit.     In  many  cases  it  would  be 
ditficult  to  find  a  single  leaf  on  a  tree  that  was  unaffected.     It  is  evidently  a  good 
<op|K>rtunity  to  introduce  spraying  with  the  usual  Bordeaux  mixture. 


Value  of  Seed  Characters  in  Determining  Specific  Hank. 

The  purpose  of  this  study  was  to  see  if  sufficient  differences  existed  in  the 
"Seeds  uf  plants  to  enable  us  to  determine  specific  rank.  The  plants  taken  for 
this  work  were  those  of  the  family  PtantagiiiacfPj  including  the  ordinary  plantain. 
The  seeds  were  examined  as  to  color,  shape,  size,  and  character  of  surface.  The 
seed  coats  were  also  studied  to  see  if  histological  differences  of  classificatory  value 
existed,  while  incidentally  any  striking  features  in  cell  contents  or  peculiarities 
in  response  to  the  action  of  various  reagents  were  noted. 

The  seeds  were  first  studied  as  to  external  characters,  ami  it  was  found  that  ac- 
cortling  to  color  and  surface  they  could  be  separated  into  three  groups  :  P.  major, 
decipiens  and  ei'iopoda  being  black ;  P.  nunitima,  PcUagonica,  pusilla  and  cordata, 
brown,  and  Vtrginica  yellow.  By  outline  of  cross  section  it  was  found  that  they 
•could  be  separated  into  four  groups.  By  the  combination  of  these  two  groupings 
we  find  that  each  species  has  at  least  one  characteristic  that  is  not  found  in  any  of 
the  others.  Virginica  and  Patagonica  resemble  in  cross  section,  but  differ  in  color ; 
nuijot  h  easily  distinguished  by  outlines ;  pusilla  is  different  from  all  others  in 
crosH  section  ;  major  and  eordata  resemble  in  cross  section,  but  are  distinguished  by 
color  and  surface  ;  decipiens  and  eriopoda  are  similar  in  cross  section  and  color,  but 
differ  in  the  position  of  the  hilum. 

The  seed  coats  are  somewhat  diverse  in  structure,  showing  five  general  types, 
but  after  comparing  the  results  in  all  cases  it  is  apparent  that  the  species  ex- 
amined do  not  show  sufficient  differences  to  enable  us,  in  all  cases,  to  distinguish 
•one  from  another.     For  while  the  seed  coat  of  one  species  may  be  unlike  all 


68 

others,  and,  therefore,  readily  distinguished,  yet  the  second  may  l>e  precisely 
like  the  third,  thus  rendering  the  seed  coat  valueless,  on  the  whole,  as  a  means  of 
determining  specific  rank. 

After  a  careful  comparison  of  the  results  reached  through  these  exiK*rinient«, 
it  is  safe  to  say  that  the  same  harmony  of  structure  exists  in  the  seeds  of  species 
as  in  the  leaf  or  the  flower,  while  the  same  variety  is  found  existing  between  seedfr 
of  different  species.  For  although  in  the  family  under  discussion  each  species  re> 
sembles  one  or  more  of  the  others  in  some  respects,  yet  it  has  at  least  one  charac- 
teristic  that  is  peculiarly  its  own.  Thus  major  resembles  decipietui  in  (*olor,  but 
differs  from  all  the  others  in  outline.  Mrginiea  and  PfUagoniea  are  similar  in 
cross  section,  but  differ  in  color.  And  so  on  through  the  list  studied,  one. may  be 
distinguished  by  outline,  another  by  color,  another  by  cross  section,  or  another  by 
surface,  yet  the  individual  seeds  of  any  one  species  are  "as  like  as  two  peas.'^ 
By  these  results  we  arc  impelled  to  the  belief  that  the  characteristics  of  seeds  fur- 
nish as  true  an  index  to  family,  genus  or  species  as  do  the  leaf  and  the  flower; 
and  that  it  only  remains  for  the  botanist  to  school  himself  to  read  aright  the 
lessons  found  in  nature  to  be  convinced  that  nothing  is  left  to  chance  or  accident, 
but  that  she  has  mathematical  rules  and  chemical  formula?  to  which  she  is  as  con- 
stant as  the  needle  to  the  pole. 


Additions  to  the  Fwh  Fauna  of  Wabash  County.     Hy  W.  O.  VVAixAiE 


Notes  on  Reptilian  Fauna  ok  Vigo  County.     By  W.  S.  Bi.atchlky. 


Preuminary  List  of  thf  Birds  of  Brown  County.     By  E.  M.  Kindlk. 

Brown  County  lies  about  forty  miles  south  of  Indianapolis.  Its  boundaries 
'  correspond  rather  *'losely  with  natural  features,  and  it  may  consec|uently  l>e  re- 
garded as  representing  much  more  closely  than  counties  usually  do  a  faunul  area. 
It  has  the  geological  distinction  of  l>eing  the  only  county  in  the  state  whose  limits 
are  confined  entirely  to  the  knobstone  formation.  The  limestone  hills  of  Monroe 
County  approach  to  within  a  mile  or  two  of  the  western  boundary,  while  on  the 
north  and  east,  the  southern  limit  of  the  drift  corresponds  approximately  to  the 
boundaries  separating  it  from  Morgan,  Johnson  and  Bartholomew  Counties.  The 
county  has  a  uniformly  rugged  and  broken  surface,  which  reaches  the  maximum 
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of  elevation  in  Bear  Wallow  and  Weed  Patch  hilU.  Much  of  the  coiintv  is  still 
heavily  timbered  or  covered  with  dense  underbrush.  The  entire  absence  of  ponds 
and  raarHhos  and  of  any  large  streams  offers  no  inducement  to  water-loving  birds 
to  stop  within  the  county.  Bean  Blossom  and  Salt  Creek,  which  drain  the  county, 
are  both  small  and  unimportant  streams. 

The  present  Ibt  makes  no  pretension  to  being  complete.  It  is  offered  as  a 
tirst  contribution  to  the  ornithology  of  the  county,  which  may  serve  as  a  basis  for 
future  work.  The  observations  on  which  it  is  based  have  been  made  mainly  in 
ihe  course  of  several  excursions  to  the  county  during  the  past  three  years.  For 
ihe  notes  on  nesting  and  the  dates  of  first  arrival  of  some  migratory  species  I  am 
indebted  to  Mr.  Victor  Bamett,  a  careful  resident  observer.  Only  those  species 
are  noted  as  breeding  that  have  been  observed  nesting. 

The  list  includes  106  species.  Summarizing  the  more  important  facts  con- 
•ceming  these  8)>ecies  in  their  relation  to  the  county,  I  find  there  are  resident  spe- 
<^ie>  22,  summer  residents  47,  winter  residents  4,  migrants  27.  Fifty-three  of  these 
species  are  known  to  breeil  within  the  county. 

My  observations  have  not,  perhaps,  been  sufficiently  extended  to  warrant  any 
remarks  tm  species  which  do  not  occur  in  the  county  that  might  have  been  ex- 
j>ecied.  I  have,  however,  been  much  surprised  at  the  apparent  absence  of  one 
species,  the  summer  red  bird,  inasmuch  as  it  is  common  in  Monroe  County  a  few 
miles  west  of  the  Brown  County  line. 

1.  Ardea  virettceM.     (Jreen  heron.     A  common  summer  resident. 

2.  RaU\i8  eie.gaiM.     King  rail.     Rare  migrant. 

\i.     Philohela  minor,     American  woodcock.     ()U\  one  with  four  young  set*n 
April  13,  *94  (Burnett). 

4.  OcUUiiago  delicata.     Wilson's  snipe.     Migrant.     March  24,  '94. 
.').     Totanwi  t^oliiariw.     Solitary  sandpiper.     Common  migrant. 

♦>.     jEgiaiitU  vociftra,     Killdeer.     Summer  resident.     Breeds. 
7.     CoHniui  virginianuf.     Bob  White.     Common  I'esident. 

5.  Bonaaa  umbellw.     Pheasant.     Common  resident. 

9.  MeleagrU    galiopavo.     Wild    turkey.     Almost   if    not    entirely   extinct. 

Formerly  abundant. 

10.  Ectopistett  migratorhis.    Passenger  pigeon.     Rare  migrant.    March  7,  '94. 

11.  Zenaidura  maeroura.     Turtle  dove.     Rather  common  resident. 

12.  CoUharies  aura.     Turkey  vulture.     Common  summer  resident.     Bree<ls. 

13.  Bnteo  borecdiif.     Red-tailed  hawk.     Common  resident.     Breeds. 

14.  HaiueetuH  leueoctphalui*.     Bald  e:ij?lr.     An  occa^tionai  visitor. 
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15.  Fuiro  fiparveriiui.     Sparrow  hawk.     Gjiuiuon  Hummer  resident.     Brvcds^ 

1().  Ptindion  haiiaetua  carol int'n}*i8.    Fish  hawk.    Hare  migrant.    March  s, 'IH, 

17.  Syrnium  nebnio^iim.     Barred  owl.     A  rather  common  resident. 

18.  Megaiicopit  cmo.     Scri-ech  owl.     Very  c(»mmon  resident. 

UK  Omnrus  caroHnefms.  Carolina  paroquet.  It  is  rejwrted  to  have  heeik 
formerly  abundant  along  Ik'an  Blossom  by  old  settlers. 

20.  OpcryzMA  ampricamis.  Yellow-billed  cnckcM).  A  common  summer  rt-si- 
dent.      Breeds. 

21.  Cocci/zim  erythrophthaimuiC   '  lilack-billed  cuckoo.     Rare. 

22.  Cerylf  aicyoa.      I^d ted  kingfisher.     Common  summer  resident.      Breeds. 
2.'J.     IhyolKiteis  rilloauj*.     Hairy  woodjKJcker.     Common  resident. 

24.  DryahattA  piil)€i«'t  ns.  Hairy  woo<l|>ecker.  A  more  comnum  re>ident 
than  the  prewding. 

2o.  SphyrapicuH  rariun.  Yel low-bell ie<l  woodpecker.  A  regular  nii};rnnt. 
February  2(»,  '04. 

20.     CcopfUnuA  pileatuH,     Pi leated  woodpecker.     A  rare  resident. 

27.  Mdanerpfs  *;rythrocephaluti.  Red-headed  woodpecker.  An  abundant 
summer  resident.     Sometimes  common  in  winter. 

25.  yfeJanerpen  rarotinuA.    Red-l)ellied  wood|)ecker.    Rather  common  resident. 

29.  Cidaples  aurntus.     Yellow  hammer.     Common  summer  resident. 

.SO.  Antrwtomnx   vodfenm.       Whip-poor-will.      Summer   resident.       Breeds, 

Aj>ril  10,  '94. 

:51.  Chordeiien  rirginianu^.     Night  hawk.     Abundant  migrant.     May  9.  '94. 

32.  Chaefurn  pdagica.     Chimney  Swift.     Common  summer  rt»8ideiit. 

83.  Trochilus  cohihrin.       Ruby-throated   humming-bird.     Common   summer 

resident.  Mav  2,  'IM. 

34.  TyruHiiUA  fyrunmm.  King  bird.  Common  summer  resiilent.  Brei'ds. 
April  IH,  '94. 

35.  MyiarrhuA  crinituA.  ( Jreat  crested  Hy-catcher.  Common  summer  resident.. 
Breeds.  Apiil  28,  '94. 

30.  Snyoi-niA  phnbe.     Pewec.     A  common  summer  resident.     March  10,  *94. 
:>7.  OmUrpiiA  vircim.     WchxI   pewee.     Common   summer   resident.     Breeds. 

May  4,  '94. 

38.  Empidoiiaj-  jIuvivi'nfrU.  Yellow-bellied  tly-catcher.  One  specimen  takea 
on  Weed  Patch  Hill  August  11,  '91. 

31>.      OtiicoryA  ulpe^lni*  prnticola,    Prairie  horned  lark.    A  rather  rart*  resident 
Breeils.     Common  in  flix'ks  in  winter. 

40      Cu<rm»ritta  rrlstata.     Blue  jav.     A  common  resident. 
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41.  Ck>rvu8  amet^icannit,     American  crow.     Abundant  resident. 

42.  Doliehontfz  onjzirorwi.     Bobolink.     Rare  migrant.     May  3,  'i)4. 

43.  Moiothrus  afer.     Cow  bird.     Common  summer  resident. 

44.  Ayelaiwfphfpniceus,    Red-winged  black-bird.     Summer  resident.    Brevds. 
Manh  7,  '94. 

45.  Sturnella  magna.  Meadow  lark.   Abundantsummer  resident.  March  2, '*J4. 

46.  Jeterus  npnriuf.     Orchard  oriole.     A  common  summer  resident.    Breeds. 
It  migrates  so<m  after  the  young  are  out  of  the  nest. 

47.  JeteruA  (folhnh,     Baltimore  oriole.     Rare. 

48.  ScoUeophagiis  carolinutt.     Rusty  blackbird.     Migrant.     March  14,  '1>4. 

49.  (^iscalus  quiscttla  (KneitA.     Crow  blackbird.     Common  summer  resident. 
Bn^Mls.     March  6,  MM. 

50.  Carptniacm  purpurenf.     Purple  Finch.      Migrant.     A})ril    24,    H>4.      A 
pair  fakin  Deceml)er  15,  *J)4. 

51.  Spiniit  frinth.     Thistle  bird.     A  common  summer^resident. 

52.  Pooratem  yramineiif.     Vesper  sparrow.     An  abundant  summer  resilient. 
Breeds.     March  13,  '94. 

5.S.     Amniodramui*  satidwicht^nnis.    Savanna  sparrow.    Migrant.    April  2i^  '04. 

54.  AmmodramuH  miannarum  iwsiwrinfift.     (irasshopper   sparrow.     Summer 
resident.     Bree^is.     March  2P. 

55.  Chondestes  grammacuy.     Lark  Sparrow.     Rather  a  common  summer  resi- 
dent.    April  18,  '94. 

o6.     Zonotriehia  leucophrys.     White-crowned  sparrow.     A  common  migrant. 
April  28,  '1)4. 

57.  ZonotiHcMa  albieolUy,     White-throated  sparrow.     Abundant  migrant  in 
April  and  Novemlxjr. 

58.  SpizeUa  monticolu.     Tree  sparrow.     An  abundant  winter  resident. 

59.  Spizdla  socialii*.      Chipping  sparrow.      A    common    summer    resident. 
Breeds.     March  2(),  '94. 

(M).  SpizeUa  pusilio.       Field    sparrow.      An    abundant    summer    resident. 

Brtedp.  March  9,  '94. 

61.  Juneo  hyemalif.     Snowbird.     An  abundant  winter  resident. 

62,  Mdospiza  faaciatft.     Song  sparrow.     A  common  resident. 

6?.  Pasgerella  Uiaea,     Fox  sparrow.     A  common  migrant.     March  6,  '94. 

64,  Pipilo  erythrophthcUmvj',     Towhee.     A  common  resident. 

6^,  Cardinali8  eardinalit.     Red  bird.     A  common  resident. 

66.  ffabia  ludovieiann.     Rose  breasted  grosbeak.      Migrant.     April  29,  '94. 
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67.  Passerina  cifarwxi.     Indigo  bird.     Abundant  summer  resident.     Breetls. 
April  29,  '94. 

68.  Spiza  amerieana.      Dickcienel.      Common   Hummer   resident.      Breeiis. 
May  12,  '94. 

69.  Piranga  erythromdoM,    Scarlet  tan  age  r.    iSummer  resident.     April  29, '94. 

70.  Progne  «u6m.     Purple  martin.     Common  summer  resident.     Breeds. 

71.  Chelidon  trgthrogaster.       Barn   swallow.      Common   summer    resident. 
Jireeds.     April  17,  '94. 

72.  LaniiM  boreaJis.     Northern  shrike.     A  rather  rare  winter  resident.     Two 
were  taken  November  18,  '94. 

73.  Lanin*  ludovicianun  excubitoroideA.      White   rumpe<l   shrike.      Afigrant. 
March  13,  '94. 

74.  Vtreo  itliwcem.     lied  eye<l  vireo.     C<»mmon  sumuker  resident.     Breeds. 
April  29,  '94. 

7o.      Vireo  rutveborticennU,     White  eyed  vireo.     Common  summer   resident. 
Breeds.     April  27,  '94. 

76.  Vireo  flarifroHs.     Yellow  throated  vireo.     Migrant.     Taken  once  April 

19,  '94. 

77.  Hdmithei'u*  vermiwnw.      Worm  eating  swamp  warbler.      April  29,  '94. 

78.  Hebninthophila  pinw*.     Blue  winged  yellow  warbler.     C^mimon  summer 
resident.  April  29,  '94. 

79.  Dendroiea  irn^iva.     Summer  warbler.     Common  summer  resident.     April 

4,  '94. 

80.  Dendroint  en'rulesreint.     Black  throated  blue  warbler.     Migrant.     Kare. 

May  13,  '94. 

81.  Dendroieti   coronaia.      Yellow    rumped    warbler.       Abundant    migrant. 

April  14,  '94. 

82.  Ikndroim  palmarum.      Red  poll  warbler.      Common  summer  resident. 

April  2:^,  '94. 

8:^.     Seiiiriut  aurocapiiliM,     Oven  bird.     Kare  summer  resident.     May  5,  '94. 

84.  Qeothlypi^  trichaj<.     Maryland  yellow  throat.     C4>mmon  summer  resident. 

Breeds. 

85.  Icteria  virerts.      Yellow    breasted    chat.      (.k)mnu)n    summer   resident. 

Breeds. 

H(\.     Sylmnia  mitrata.     Hooded  warbler.     Summer  resident.     Not  common. 

April  30,  '94. 

87.     Sylwinia  camifiensis.     Canada  warbler.     Migrant.     May  24,  '94. 

SS.     Atithm  penrmylmnicuH,     American  titlark.     A  common  spring  migiant. 
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S9.  Mimujf  ptjlyylottus.     Mockinji|:  bird.     One  specimen  taken  March  10,  *93, 
bj  Victor  Harnett,  near  Bean  Blossom  Creek. 

90.  Gaifoi*ropt*'M  Caroline tuii*.     Cat  bird,     ('(iiunion  summer  renident.     April 
23,  '94. 

91.  Harporhynchu*   ni/nn,      Br<»wn    thrasher.      Common   Humnier   resident. 
Breeds.  March  2:^,  '94. 

92.  Thryothorfis  ludovicianut,    Carolina  wren.    Kenident.     Not  very  common. 

93.  Troylodytfjt  nrdim.     House  wren.     Common   summer   renident.     Mareh 
16,  '94. 

94.  Troyli^yteM  hiemalut.     Winter  wren.     Winter  resident.     Not  common. 

95.  Certhia/amitmrvtftmerieftncu     Brown  creeper.    Common  migrant.    MarclK 
^1,  '94. 

96.  Sitta  carolinerutig.     White  bellied  nuthatch.     Common  resident. 

97.  Sitta  eunadensis.     Red  bellied  nuthatch.     Common  migrant. 

98.  Parua  hieolor.     Tufted  titmouse.  •    Common  resident. 

95>.  Panui  canylinernti*.     Black  capped  chickadee.     Common  ri'sident. 

100.  RefpUiu  mtmpa.    Golden  crowned  kinglet.     Common  migrant.     March 
22,  '94. 

101.  Heffuluti  calendula.     Ruby  crowned  kinglet.     Migrant.     April  18,  '94. 

102.  PoliopiUu  cterulea.     Blue  gray  gnat  catcher.     Common  summer  resident. 
Breeds.  April  17,  '94. 

103.  Tiwdiuf  uliciiv.     (f ray  cheeked  thrush.     Summer  resident.    April  14, '94. 

104.  TtirduH    aoualanchkae   pallasii.       Hermit    thrush.       Common    migrant. 
April  15,  '94. 

105.  Merula  mifjmtoria,     American  robin.     Abundant  summer  resident. 
10(>.  Sialia  ffialis.     Blue  bird.     Abundant  summer  resident. 


Nf>TE.S  ON  THE    BiRDS  OF    1894.       Bv    A.    W.    BlTLER. 

In  the  studv  (»f  tiie  birds  of  our  state,  one  8tep^«  over  the  boiindarv  in  manv 
instances.  On  the  south,  the  bird  fauna  is  influenced  by  the  Ohio  River.  On  the 
ea^•t,  the  Big  Miami  and  St.  J(»Keph  and  St.  Mary's  rivers  have  some  reiutioji  to 
binl  life;  on  the  north,  Lake  Michigan,  witii  its  tributaries,  plays  an  important 
part  in  bird  distribution;  and  on  the  west  the  Wabasii  and  its  western  tributarieti, 
besides  the  lower  Kankakee,  affect  the  distribution  of  birds  both  in  Illinois  antl 
Indiana.  The  reports  of  occurrence  of  tiic  migrations  and  of  the  breeding  of 
birds  without  our  state  may  thus  be  of  value  in  the  study  of  our  own  birds.    This 
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18  particularly  true  in  the  State  of  Miehigan.     From  the  faet  that  it  lies  iiniiKMli*' 
ately  north  of  us,  many  of  iu*  migratory  birds  may  pjiss  through  this  State.     So, 
this  year,  \  am  enabled  to  present  several   notes  on  birds  from  \rithout  the  Siate 
that  have  an  important  bearing  upon  the  study  of  the  birds  of  this  State. 

1.  Ammodram\L6  hennlowii  (And.).     Henslow's  sparrow. 

Last  year  I  reported  the  e<»mmon  occurrence  and  breeding  of  this  species  at 
English  Lake,  Indiana.  At  that  time  it  had  not  been  taken  in  Michigan.  The 
first  record  from  that  State  is  given  this  year.  May  12,  1H94,  Mr.  L.  Whitney 
Watkins  reported  six  fmm  Manchester,  Mich.  May  '»0,  a  nest  containing  live 
eggs  was  found  in  Jackson  County,  Michigan.  The  bird  couhl  not  be  identiticd. 
June  8,  the  female  was  shot  as  she  was  leaving  the  nt»st  and  prove<l  to  be  this 
species.  The  locality  was  an  opefi  marsh  bordering  a  lake.  The  nest  was  neatly 
though  loosely  constructed  of  coarse  grasses  and  sedgi's  lined  with  finer  ones.  It 
wjis  situated  in  a  tuft  of  grass  about  four  inches  above  the  wet  isrround. "  The  eggs 
averagi*  .72  x  J)^)  in.,  and  were  white  with  small  reddish  specks  so  nuiiii>rous  as  to 
form  an  imperfect  wreath  about  the  larger  end.  Nest  was  hardly  difierent  from 
one  of  Marvland  vellow-throat  found  in  the  same  localitvon  the  same  <lav.  Im-u- 
bation  nearly  complete.  An  account  of  the  breeding  of  the  >pecies  as  above  noted 
has  appeared  in  a  number  of  the  Nidiologist. 

Mr.  J.  ().  Dunn,  of  Chicago,  found  Henslow's  sparrow  very  <'onimon  at  Ba.s8 
(formerly  Ce<lar)  Lake,  Starke  County,  Ind.,  late  in  July,  18i>4.  They  were  ap- 
parently bree«ling,  though  no  nests  were  found.  One  beautiful,  clear  evening, 
about  10::^0  o'cb)ck,  Mr.  Dunn  says  he  heard  one  of  thef^e  birds  singing  near  camp. 
Thus  we  have  another  adde<l  to  the  vidces  of  the  night. 

2.  Thi'yof horns  bewickii  {\ui\.).     IWwick's  wren. 

In  1880  this  species  had  not  been  reported  north  of  Viji<»,  I*utnam  and  Marion 
counties,  in  this  State.  May  1,  181*4,  Mr.  G.  (i.  Williamson  nf>ortcd  one  fr<uu 
Muncie,  and  he  again  noted  it  May  9.  Messrs.  L.  A.  and  C.  I).  Test,  of  Lafay- 
ettv,  report  it  at  that  place  Aj>ril  12,  1894.  They  say  it  is  tolerably  common  and 
breeds.  Mr.  W.  O.  Wallace  informs  us  that  he  saw  them  at  Wabash,  Ind., 
April  2ii-2o,  April  25,  April  27  and  June  1,  1894.  He  notes  them  as  abundant 
there.  Mr.  Jerome  Trombley,  Petersburg,  Mich.,  reports  one  May  lo,  and  again 
May  10,  at  that  place.  He  says  they  are  rare  an<l  breed.  Mr.  K.  J.  Chansler, 
Bi<*knell,  Knox  County,  Ind.,  says  it  is  a  common  summer  resilient.  Perhaps 
sonH»  winter.  Appear  to  Ik*  getting  more  numerous.  Bree»ls.  Thus  will  be 
noted  further  eviilence  of  the  raj)id  extension  of  the  summer  rauL'e  of  this  species^ 
antl  of  its  increase  in  niimlu-rs  in  bicalities  wlun-  it  lia>  pn  vi«>iisiy  appeared. 
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3.  Chaitidi'iujs  aqnatarota  {lAnn.),     Black-beilied  plover.  ' 

A  rare  migrant.  Mr.  J.  E.  Beesley  reports  two  from  Lebanon,  Ind.,  the  past 
spring;  one  May  3d,  the  other  May  5th.  Mr.  Fletcher  M.  Noe  reports  one  killecl 
near  Indiana|>oli8,  May  30,  1894,  by  Mr.  C.  W.  I^mbart. 

4.  Pi'otonotaria  eitrea  (Bodd.).     Prothonotary  warbler. 
Lebanon,  Ind.,  May  23,  one.     May  29,  1894,  rare.     (Beesley.) 

5.  Qtletiriiu*  pirtua  {Svf.).     Smith's  longspur. 

Mr.  J.  O.  Dunn  informs  met  that  he  found  a  specimen  in  a  game  store  in 
Chicago  from  North  Illinois.  Mr.  Jesse  Earle,  Cireeneastle,  Ind.,' informs  me,  on 
March  29,  1894,  in  a  certain  pasture  three  miles  west  of  (ireencastle,  he  saw  proba- 
bly (»0  Painted  Longspurs.  He  collected  two.  These  are  the  first  recorded  sinct* 
Mr.  E.  W.  Nelson  found  them  common  in  Lake  County,  ln<l.,  and  Cook  County, 
III.,  in  1875. 

().     Jcieria  rirena  {h.).     Yellow-crested  chut. 

Taken  at  Ann  Arbor,  Mich.,  spring  of  1894,  by  A.  B.  Covert  (Watkins,  L.  W. ). 
Petersburg,  Mich.,  two,  May  3;  two,  May  17,  1894.  Rare.  Two  nests  fouiul. 
Has  n<»t  l)een  noted  here  l>efore  since  1877.  (Jerome  Trombley.)  Duiircith, 
Henry  County,  Ind.,  June  7  and  12,  1894,  rare.     (  E.  Pleas.) 

7.  RranUi  canadensM  hutehinifii  (Sw.  and  Rich.).     Hutchins*  goose. 

Mr.  E.  J.  Cransler  says  they  are  rare  and  seldom  seen.  They  were  jjuite 
common  the  winter  of  1893.  Could  be  seen  in  large  flocks  in  company  with 
Canada  goose.  He  saw  a  large  flock  of  Hut<;hins'  geese  in  (?ibson  County  in  1S91. 
Acconling  to  Dr.  Brayton  they  were  formerly  common  and  bred  in  the  State. 
(Trans.   Ind.  Hort.  Soc.  1879,  p.  178.)     Not  recently  reported. 

8.  Guara  alba  {  Linn.).     ^Vhite  ibis. 

Knox  County,  rare.  An  uncle  of  mine  killed  a  bird  of  this  s|)ecie8  more  than 
fifty  years  ago.     Dr.  Smith,  of  Bicknell,  says  he  killed  one  in  1864. 

9.  Oitharhta  atrata  {HsLTir.).     Black  vulture,  carrion  crow. 

Knox  County.  Resident.  Have  become  common  ^ince  1889.  Previous  to 
that  date  were  seldom  seen.  They  must  breed,  as  they  are  present  all  the  time. 
Quite  common  this  fall,  as  there  were  many  dead  hogs  for  them  to  feed  up<m» 
(Chansler.) 

10.  Klanoide)^  forficnfuM  {lAun.).     Swallow-tailed  kite. 

Knox  County.  Rare  Kummcr  resident.  I  saw  one  in  August,  181M),  it*  mate 
was  killed  the  «Iay  before  and  is  now  preserved  by  Mr.  J.  Freeman,  Bicknell,  Ind. 
April  11,  1894,  one  was  seen  by  .Mr.  Harbin.     (Chansler.) 

IL     Conui'u»  carol ineimii*  {Xaww.).     Carolina  paroijuet. 

Knox  County  (:'),  Daviess  County.  F(»rmerly  a  resident.  My  grandmother 
told   me  they  were  yet  to  Xre  found  about  CJrassv  and   Swan   Ponds  in  Daviess 
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County  in  1850.  A  neighbor  of  mine  makes  a  similar  statement.  Another  (>erHon 
says  they  were  still  found  in  Knox  County  and  Daviess  County  in  1857-o8.  They 
say  they  flew  in  flocks  arranged  along  two  sides  of  a  triangle  after  the  manner 
of  wild  geese.  They  built  their  nests  and  roosted  in  woodpecker's  holes  or  hollow 
trees.  When  roosting,  it  is  claimed  they  hung  suspended  by  their  bills.  They 
laid  but  two  eggs.  They  remained  about  rivers,  swamps  and  ponds.  They  lived 
almost  entirely  on  cuckle-cockle  burrs.  One  man  said  they  would  pile  the  burrs 
U)Hm  stumi>8,  and  after  hulling  out  the  kernel  leave  the  empty  burrs  in  a  pile. 
They  visited  the  orchards  and  did  not  injure  the  fruit  trees  as  badly  as  generally 
claimed.  (Chansler.)  Mr.  E.  R.  Quick  informs  me  that  Mrs.  Laforge,  an  old 
lady  who  recently  dieil,  told  him  that  she  knew  the  paraquets  quite  well  in  Frank- 
lin County.  She  referred  to  the  habit  which  she  said  was  common,  of  splitting 
open  apples  with  their  bills  in  order  to  get  the  seeds  for  food,  discarding  the  re- 
mainder of  the  fruit. 

12.     Oistothorus  atdlaria  (  Licht.).     Short-tailed  marsh  wren. 

July  24,  1894,  Mr.  Alexander  Black  obtained  two  of  these  birds  from  the 
reedy  shore  of  the  mill  pond  near  Greencastle,  which  has  become  noted  for  the 
rare  forms  along  its  banks.  He  suspected  a  nest  was  hidden  among  the  reeds. 
Next  morning  he  continued  his  search  and  found  the  nest.  This  is  the  thinl 
t>reetling  record  for  our  state. 

IH.     Porzana  jamairerufM  (Gmel.).     Black  rail. 

July  27,  1894,  Jesse  Earle  and  Alexander  Beach  identified  the  black  rail 
among  the  saw-grass  about  the  ^'mill  pond,"  Putnam  County,  Ind.  It  ran,  but 
could  not  be  induced  to  take  wing,  and  finally  hid.  July  28,  the  bird  was  again 
seen,  but  could  not  be  flushed.  Although  searched  for,  it  could  not  be  found  until 
July  31.  Then  by  the  aid  of  a  pointer  dog  it  was  flushed,  but  not  shot.  August 
1,  the  dog  caught  a  bird  which  proved  to  be  a  young  black  rail,  too  small  to  fly. 
Continuing  the  searcb  an  adult  of  the  same  species  was  flushed  and  secured.  It 
was  a  male.  This  is  the  sivond  account  of  its  occurrence  in  the  state,  and  the 
fir»t  account  of  its  breeding.  The  same  day  a  Virginia  rail  was  caught,  the  flrst 
for  that  countv. 

14.  XnTUhocephahiM  xanthiHxphalnn  {H\).).     Yellow-headed  blackbird. 
Klkhart  County,  reported  by  Chancey  Juday,  from  Millersburg. 

15.  Spizeila  pallida  (Sw.).     Clay-colored  sparrow. 

Several  specimens  taken  by  Ij.  Whitney  Watkins,  September  3,  1S94,  at 
Manchester,  Mich.  There  were  about  forty  seen.  But  tw(»  former  (x-furrences 
in  tliJit  atatc*  are  recorded.  In  Indiana  it  has  been  taken  hut  cnicc,  September 
27,  1890,  at  Terrc  Haute,  Ind.,  by  Prot'e>s(>r  W.  S.  BlatchK y  and  reported  by  iiim 
iit  the  meeting  of  this  Academy  in  ISiH). 


16.  Anlea  nrruUa  (Linn.).     Little  blue  heron. 

Knox  County  summer  resident;  breeds.  Saw  one  May  4,  1894.  Mr.  Harbin 
saw  one  on  White  River,  June  5,  1894.     \ery  shy  (Chansler). 

17.  Aidta  candidissima  (Gmel).     Snow  heron. 

Knox  County  summer  resident;  breeds.  I  have  seen  hundreds  of  these  birds 
ibout  the  Swan  and  Grassy  Pontls  of  Daviess  County.  They  are  often  in  com- 
pany with  the  great  blue  heron. 

18.  Ardea  tricolor  ruficoUis  (Gosse^.     I^uisianu  heron. 

Reported  by  Mr.  E.  J.  Chansler,  from  Knox  County.  Second  record  fnmi 
the  Htate. 

10.     CampephU^ts pi-inripalis  {Linn.).     Ivory-billed  woodpecker. 

Mr.  Harbin  claims  to  have  killed  one  in  1880.  Repotted  by  Mr.  Warren  from 
Southern  Gibson  County  in  1893.     (Chansler). 

20.  Nyctea  nycUa  (Linn.).     Snowy  owl. 

Mr.  Fletcher  M.  Noe  reports  receiving  a  fine  snowy  owl  which  was  killed  at 
Southport,  Ind.,  six   miles  south  of  Indianapolis,  November  18,  1894. 

21.  Ai'deUa  neortna  (Cory .) 

The  capture  of  this  rare  species  in  Michigan  the  past  summer,  and  the 
possibility  of  its  occurrence  in  Indiana,  make  it  worthy  of  special  reference  here. 
There  were  but  nine  specimens  known. 

1.  The  species  was  decribed  from  the  Okeechobee  Region,  Fla.  No  date 
given.     The  Auk,  Vol  III.,  Apr.,  1886,  p.  262. 

2.  July  9,  1889.  Thirty  miles  south  of  I^ke  Okeechobee.  By  Capt.  J.  F. 
Menge.  He  reported  seeing  three  specimens,  of  which  he  was  only  able  to  get  one 
The  Auk,  Vol.  VI.,  Oct.  1889,  pp.  317-318.  In  the  same  magazine  is  given  Mr. 
Menge's  account  of  the  nest  of  the  species  found  in  the  same  locality,  June  8,  1S90. 

3.  May  18,  1890,  in  marsh  near  Toronto,  Out.  Specimen  now  in  collection, 
Canadian  Institute.     Mcllwaith  Birds  of  Ontario,  18,  pp.  109-110. 

4.  May  19,  1890.  Kissimmee  River,  Fla.  By  Mr.  R.  C.  Stewart.  The  coU 
lector  claims  to  have  seen  another,  which  he  was  unable  to  secure.  The  Auk, 
Vol.  VIII,  July  1891,  p.  309. 

5.  June  28,  1891.  Three  miles  south  of  Lake  Okeechobee  River,  Kla. 
Male.     By  Capt.  J.  F.  Menge. 

6.  July  15,  1891.     Lake  Flirt,  Fla.     By  Capt.  J.  F.  Menge. 

7.  August  15,  1891.  Lake  Flirt,  Fla.  By  Capt.  J.  F.  Menge.  The  last 
three  are  in  the  collection  of  Prof.  W.  E.  D  Scott.  The  Auk,  Vol.  IX  .  Apr. 
1892,  pp.  141-142. 

8.  May  iSO,  1893.  Female.  Toronto,  Out.  By  J.  Ramodcn.  The  Aiik, 
Vol.  X,  Oct.  1893,  pp.  363-364. 
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iK  Aug.  8,  1894.  Manchester,  Mich.  A  speciineii  of  this  rare  species  was 
brought  to  Mr.  L.  Whitney  Watkinn  by  a  neighbor's  boy.  Mr.  Watkins  at  once 
wrote  me  of  the  peculiar  dark  Least  Bittern  that  he  had  received.  1  Huspected  its 
identity  and  requested  that  he  send  it  to  me  for  examination.  It  had,  h(»wever, 
been  forwarded  to  Mr.  W.  B.  Barrows,  Agl.  Coll.,  Mich.  He  determined  it  to  l)e 
Cory's  Bittern.  It  will  l>e  noted  that  six  of  those  known  have  been  taken  in 
Florida  and  the  other  thrt»e  north  of  the  latitude  of  the  northern  boundary  of  Indi- 
ana. The  i)ecu}iar  extent  of  the  range  of  Kirtland's  Warbler,  as  noted  last  year 
l»efore  this  Academy,  finds  a  somewhat  parallel  |>eculiarity  in  this  6i>ecies. 

The  bird  may  be  reasonably  ex|>ecte<l  to  occur  in  Indiana.  Its  dark  (*oIor 
give<«  it  the  name  of  '*  Black  Bittern''  in  Florida,  to  distinguish  it  from  the 
**I^ast  Bittern,"  which  is  called  *' Brown  Jiittern.''  Thev  are  alxtut  the  same 
size. 

Smith's  Ix)ngspur,  the  Short-tailed.  Marsh  Wren  and  nest,  the  Black  Kail, 
have  been  very  kindly  de)>osited  in  my  colledion  to  verify  the  notes. 

22.  Saxieola  tenanthe.     Wheatear. 

X  specimen  of  this  species  was  shot  from  among  a  Hock  of  titlarks  at  .\nn 
Arbor,  Mich.,  Oi*t4>ber  4,  1894,  by  Adolphe  B.  Covert.  The  8|»ecimen  is  now  in 
the  U.  S.  Nat.  Mus.,  Washington,  D.  C,  No.  13o,0f>S,  male,  immature.  (The 
Nidiologist,  Vol.  II.,  No.  3,  Nov.,  1894,  pp.  42-43.) 

23.  Ana8 penei-ope  {lAnw.).     Widgeon:     Euro|K>an  Widgeon. 

The  European  Widge<m  has  not  before  been  reported  from  Indiana.  The 
first  account  ot  its  occurrence  is  published  by  Mr.  Ruthven  Deane,  in  *'The 
Auk,"  Vol.  XII.,  April,  1895,  p.  179:  *'The  sjHH'imen  in  question  was  taken  oti 
the  Kankakee  River,  at  English  Lake,  Ind.,  April  Ki  1893,  by  Mr.  Landon 
H<»yt,  of  Chicago,  III.,  and  is  now  in  his  possession.  When  shot  it  was  in  company 
with  a  Hock  of  Baldpates  {Anon  amerieuna),*^ 

The  species  has  occasionally  been  taken  in  America,  but  I  think  its  records 
in  this  vicinitv  are  two  in  Illinois  undone  in  Wisconsin. 

24.  EctopUU*  migratontii*  (  Linn. ).     Passenger  Pigeon. 

In  188S  Mr.  Wn».  Brewster  visited  the  parts  of  Michigan  well  known  as  the 
i>recding  grounds  of  these  birds.  The  flight  was  small,  compared  with  what  was 
re|)orted  in  former  years.  They  passed  north  of  the.  lower  peninsula  to  breed. 
At  that  time  Mr.  Brewster  was  of  opinion  that  there  were  enough  pigeons  left  to 
restock  the  uest,  provided  they  could  be  protected  by  adetpiate  laws.  Whether 
or  not  that  can  be  done  is  (hmbtful.  If  we  may  judge  by  the  past  legislation  and 
its  enforcement  on  l^ehalf  of  our  native  game,  it  seems  to  me  hardly  probable  that 
it  will  be  done.     The  last  passage  of  pigeons  that  couhl  be  dignified  with  the 
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name  €>t'  ** flight"  wciirred  in  1877.  That  full  then.'  were  a  great  many  obHcrved 
about  Hanover,  Ind.  Some  notes  which  have  recently  come  to  hand  may  be  <»f 
interest.     The  greater  part  of  them  relate  to  thiH  year : 

Manchester,  Mich.,  June  18,  1894.  None  have  been  seen  before  in  ten  years. 
Bree<ls? 

Si»pteml>er  9  ami  1*2,  i894.  L.  Whitney  Watkins,  Spearsviile,  Ind.  One 
M:inh  7.  1894. 

April  5,  ISSM.     Hare. — Vict«»r  H.  Barnet. 

La|K>rte,  Ind.,  April  10,  1894.  Saw  flock  of  fifty  or  more.  First  large  rt<M*.k 
s*-tMi  in  several  vears. — Charles  Barlier. 

Bicknell,  Knox  County,  Ind.  Migrant  rare  if  not  extinct.  1  have  not  seen 
•one  for  ten  years.  They  formerly  were  abundant.  I  can  remember,  during  their 
migrations,  the  heavens  would  lx»  covered  for  hours,  yes,  for  days,  in  all  direc- 
tions with  them.  They  formerly  bred  near  here,  and  would  cover  the  forests  for 
iiiile«,  until  the  limbs  wouhl  break  down  with  their  weight. — E.  J.  Chansler, 
spring,  1894. 

Recently  I  nveived  a  letter  from  the  same  gentleman,  containing  the  follow- 
ing notes : 

"I  saw  a  considerable  flock  of  these  birds  1st  of  September,  1894.  Mr.  Har- 
bin saw  a  flcK'k  Octolwr  •'),  1894.  These  were  the  first  pigeons  I  have  seen  for 
years." 

(irand  Haven,  Mich.  One  May  .i,  1894.  Very  rare;  used  to  be  plentiful. 
Breeds. — E.  Davidson. 

Kentland,  Ind.  Mr.  W.  W.  Pfrimmer  savs  thev  wert»  formerlv  verv  plenti- 
ful.  Nested  in  the  timber  along  the  Kankakee  Kiver.  Now  scarce.  Have  seen 
none  for  two  years.     In  1892  1  shot  two. 

Dunreith,  Henry  County,  Ind.  Mr.  E.  Pleas  says  twenty  years  ago  wild 
pigeons  came  in  vast  numl>ers  almost  every  spring. 

Out  of  some  four  rei>ort8  on  the  spring  migration  and  ten  on  those  of  the  fall 
but  five  refmrted  the  presence  of  the  wild  pigeon.  A  bird  so  ccmspicuous  that  if 
present  could  scarcely  escape  unseen.  And  even  this  report  is  better  than  for 
some  years  past.  One  pigeon  in  a  year!  Think  of  the  change!  Within  the 
memory  of  men  who  are  not  yet  old  these*  migratory  pigeons  would  obscure  the 
sun  and  hide  the  sky  for  hc»urs,  sometimes  for  days  in  successicm.  The  strange 
appearance  was  made  more  wonderful  by  the  continuous  rumble  of  the  thunders 
^>f  the  oncoming  clouds — the  noise  of  the  strokes  of  millions  upon  millions  of 
wings.  Some  of  the  roosts  covered  many  miles  of  forest.  There,  as  they  settled 
M  <'vening,  the  gunners  from  miles  around  lK.*g:in  tlie  slnugliter.     After  a  number 
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of  tthots  over  a  considerable  area,  si*veral  aeren,  sometimes  tlie  whole  roost  would 
rise  with  a  deafening  thundering,  which  no  one  has  attempteil  to  describe,  and 
Kfmr  out  of  sight  in  the  dusk  of  the  early  evening,  while  from  the  rising  cloud 
came  a  noise  as  of  a  mighty  tornado.  As  the  darkness  settled  the  birds  descended 
and  alighted  many  deep  upon  the  liml)s  of  the  trees,  the  weight  being  so  great  as 
to  break  many  off.  Then  the  scene  changed.  The  slaughter  began  in  earnest. 
The  rapid  Bring  of  guns,  the  s(|uawking  of  the  pigeons,  the  breaking  of  the  limbs 
of  giant  trees  beneath  their  living  weight,  the  continuous  rumble  arising  from  the 
whirr  of  countless  wings,  all  illumined  by  the  lurid  lights  from  many  fires,  pro- 
duced an  effect  which  no  words  can  convey  to  one  who  has  not  experienced  a 
night  at  a  "pigeon  roost."  Each  year  such  scenes  were  re-enacted.  Each  year  the 
slaughter  went  on.  Less  and  less  the  numliere  grew.  Trapping  an<i  netting,  sup- 
plemented by  repeating  guns,  added  to  the  power  of  destruction,  and  the  pigeons, 
whose  numl>ers  were  once  so  great  that  no  one  could  conceive  the  thought  of  their 
extinction,  have  dwindled  until  thev  are  rarelv  found,  until  thev  are  tmlv  a 
memory. 

Some  Note>«  on  thk  Bund  Animalh  of  Mammoth  C'avk.    with    Kxhibitiok 
OF  Si»K(;iMF.N8.     By  K.  Elijjwobth  Call. 


Thk  BATRArHfAXM  AND  Keptilk.s  OF  Waijash  C>>rxTY.     By  W.  O.  Wallace;. 


On   thk   <)cri'RRKN<E  OF  THK    WHISTLIN<i   SwAN     IN    WaBASH    Coi'NTY.       By    A. 

B.  Tlbey. 


BiRi>«  OF  Wahash  County.     By  A.  B.  Ulrey  and  W.  ().  Wallace. 


BlRI>S  (>R8EKVE1»    IN    THE   SaWTOOTH    MoiNTAINS.        By    B.    W.    KvERMANN    AND- 
J.    T.    SCOVKLL. 


Animal  Para>'It1'>  ('ollkitki)  in  the  State  DrBiNfi  the  Year.     By  A.  W. 

BlTTlN*;. 
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\x<.i-iN(i  IN  THE  St.  La\vkkx(  k  axi>  LakeOxtahio.  By  Hartox  W.  Evekmaxx. 


The  Mammals  of  Ixdi\xa.     By  A.  W.  Biiler. 

One  of  tlu*  advantUjLi^es  of  a  work  upon  tho  natural  history  of  a  region  is  the 
•  •pporiiinity  it  affords  for  <'riti«'i^ni,  correction  an<l  for  tlie  accnnnilalion  of  addi- 
:ional  material.  One's  friends  after  going  over  the  paper  will  say  they  had  not 
thought  the  o<-i'nrrenee  of  a  given  s]K*(ies  of  any  importance.  They  are  common 
in  tlie  neijrhl><)rhoo<l.  A  fmitless  search  for  that  fact  has  retjnired  mnch  time  in 
:he  investigation.  Yet  here  is  a  per.  on  who  has  had  all  the  time  the  information 
*»«»iiirht,  hot  thonght  it  of  no  ronseqnence.  If  we  conid  only  get  together  in  a 
pn»per  place  the  facts  known  hy  onr  members  which  are  not  considered  of  any 
<|»t^'ial  importance,  what  a  great  help  it  wonid  he  to  onr  investigat«>rs.  These 
m«t*tings  are  the  place  for  snch  a  deposit  of  facts— a  clearing-honse  in  the  varions 
lields  »»f  research,  t»specially  in  zor>l«>gy,  hotany,  geology,  and  anthropoioj^y. 
Since  the  puMication  of  the  j»a|>ers  on  Indiana  mammals  by  Prof.  Evermann  and 
myself,  tjuite  a  nnmber  of  notes  which  wonld  have  been  very  acceptable  a  year 
.itfo  have  <'ome  into  my  hands.  Many  of  these  were  calh'd  ont  by  the  jiaptr  men- 
tioneil.  From  then)  I  select  some  which  mav  be  of  interest  to  the  Acadeniv.  ami 
po^-iibly  to  the  pnbli**  generally. 
1.      Jtithlphi.*  riif/iniana  Shaw.     Common  ()j)ossnm. 

I  am  enable<l  through  the  kindness  of  Mr.  W.  \V.  Pfrimmer,  to  report  iheir 
cMMMirrence  in  Jasper  an<l  Newton  connties.  In  lsr»l»  when  he  lirst 
knew  them  there,  they  were  rare,  and  »<»  continued  until  lS8n.  He  re- 
(-;ilU  but  two  specimens  that  he  had  seen  in  that  period.  'I  hey  have 
been  inereasing  hince,  and  are  now  tolerably  common.  Several  have 
I»een  reported  the  present  winter  from  the  vicinity  of  Lafayette  l>y 
Messrs.  L.  A.  and  (.'.  D.  Test.  Among  them  were  three  young. 
Mr.  K.  J.  Chansler,  of  Knox  County,  says:  'j)ossums  an*  becoming  rare  in 
that  locality.  About  lSoi>.  he  notes,  as  an  illustration  of  the  abund- 
ance of  the  animal,  <»ne  evening,  after  they  ha<l  killed  liotr-.  they 
killed  eight  op«)S8nms  in  the  (hx)r-yard  before  bed  tinie.  1  hey  had 
probably  been  attracted  by  the  ofi'al  of  the  slaughter.  In  tho^e  days. 
in  that  land  of  the  persimmrni,"ihe  edges  of  the  jirairies  were  the  places 
where,  in  the  fall  and  winter,  the  two  were  found  together  the  per>iin- 
mon  and  the  oj»ossum. 
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Hrethizon  (foi'AiitiLs  ( /„ '.      Canada   purfJipiiu*. 
Knox  County.      Formerly  foiiiid  hero,    but  rare.     .Stafl'ord   rei».>ri>  liavin<<: 
seen   two,    tin*    last  t»ne   about    1884  (Chansler).     Mr.    Krucf    rep<»rUi 
seeing  one  that  ha<l  I»een  killed  in  Daviess  County  in  1S37  fChansler*. 
/aiihis  huiUomuit  {VAwim.).     Jumping  niou^e. 
Newton  County  (Pfrimmer). 

Mahoning  County  (Ellsworth),  O.  (E.  \V.  ViekersK 
Sandusky,  O.  (E.  W.  Vickers). 
4.      (ieomya  huraanus  (Shaw).     Pocket  g(»pher. 

Newton  County  (I^frinimer). 
•'>.      MiiH  rattim,  (L. )     Hlack  rat. 

Kuox  G)unty.     At  one  time  numerous,  but  now  extinct.      Ke|M>ric<l  that  ii 
was  last  seen  here  in  184S  (Chansler). 
1.      MitAiiecumaniiA,  Pallas.    Bn>wn  rat;  Norway  rat. 

Kuox  (\>untv.      Vcrv  numerous;  our  common  rat.     Said  to  have  l»ecn  tirst 
seen  in  \H40  (Chansler). 
7.      ('uj<f or  fiber  {\..K      Beaver. 

Newton  Countv.      Formerlv  .'ibundant.     The  remains  of  their  work   is  vet 

seen  (Pfrimmer). 
Bartholomew  Countv.     AlH>utonc  nule  from  the  intersection  of  the  l^ecatur 
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and  Jennings  County  line  is  a   place  called   the  Beaver  Pond.     There 
they  formerly  built  their  houses  (Miss  Elizabeth  Wright). 

Tippecanoe  (\)unty.     Bc»aver  skull  taken  from  (ioose  Island.  Wabash  River, 
in  the  spring  of  IS*»4  by  C.  A.  Sch(»tt  (Prof.  Stanley  Coulter). 

Knox  C(>uuty.     Formerly  found.     Reported  in  lSo9.     Mr.   Dubois  reports 
seeing  one  that  had  lu>en  caught  in  a  trap  in  1840.     Dams  acn^ss  some 
of  our  streams  n re  still  visible.     Some  claim  that  Montours  Pond  was 
caused  by  Iic»avers  damming  Pond  Creek  (Chansler). 
>     Sf»rinophilH8  tri<lecemlinratiit<  (Mitchill).     Striped  (ropher. 

Newton  County.     Abundant  along  hedges  an<l  banks.     Also  in  the  grassy 
margins  of  the  tiehls  i  Pfrimmer). 

Tippecanoe  ( ounty,  lSi)4.     L.  A.  ami  C.  D.  Test. 
Sju'rmojthihis  franklini  (^ii\nnei.     dray  Spermophile. 

Newton  Countv.     Think  thev  are  rare.     Have  seen  two.     lla<l  one  for  a 
pet.     They  arc  calle<l  ''Prairie  S<piirrels"  (Pfrimmer). 
1«».     S(l n ru It  li f I ditonicui*  [Krxlehi'ix).     Red  Scpiirrel :     Chickaree. 

Lake  C<iuntv.     Rare. 

Newton  Countv.      Heard  of;   nut  seen  «  Pfrimmer). 


11.  Otrnfylarti  crij-tita  [L.).     Star-iiosi*(i  Mole. 

Bartholomew  County.  A  specimen  dejK^ribcd  by  Miss  Eliziil>eth  Wright, 
appears  to  be  this  specien.  It  was  taicen  in  their  garden  near  Grammer. 
In  this  connection  I  might  quote  from  a  recent  letter  from  Mr.  Ernest 
W.  Vickers,  of  Ellsworth,  Mahoning  County,  O.,  on  the  occurrence 
of  this  species  in  that  state:  *'I  have  found  tlie  Star-nosed  Mole  a^ 
Canton,  Stark  County.  One  specimen.  Another  reported,  Berea, 
Cuyahoga  County.  Conkinon  in  onion  muck.  Weymouth,  Medina 
County:  Reported.  Cuyahoga  Falls.  Summit  County:  8|>ecimen 
found  along  Cuyahoga  River  during  meeting  of  Ohio  State  Academy  of 
J^'ience.  in  1892.  Portage  County:  "I  t4>ok  a  specimen  near  Sufiield 
in  June,  1894.  In  this  township  I  collected  six  8j)ccimensin  an  area  of 
less  than  four  acres  in  the  summer  of  1893.  This  year,  1894,  I  have 
found  none."  (Richland  County  Geological  Survey  of  Ohio,  Zo<>logy 
and  Botany,  Vol.  IV..  p.  179,  foot-note. 

12.  UfariiKt  platifrhniuf  {l)i*Ka.y^.     Common  Shrew. 

Although  no  additional  specimens  have  l>een  reporte<l  in  this  state,  I  de- 
sire to  call  attention  to  its  occurrence  in  Ohio.  Mr.  E.  W.  Vickers, 
of  Ellsworth,  Mahoning  County,  says:  '*I  found  one  s{»ecimen  last 
year,  189*J.  This  year  I  collected  tivc  of  this  s|)eci«'s  on  one  farm  in 
this  township." 
K:J.      Curiarw  virffinianus  {hiidd^.     Virginia  deer. 

Newton  County.  Extinct.  Last  deer  killed  was  twenty  years  ago  ( 1874).  One 
was  seen  three  years  ago  (1891). 

Ja8])er  County.     Deer  killed  about  1890  (Pfrimmer). 

Knox  County.     Found  at  one  time  in  countless  numbers.     Now  only  met 
with  occisionally  in  the  cypress  swamps  c»f  this  county  (Chansler). 
14.      C**iruM  nttuidtmfiis{¥jTx\ehen).     Wapiti;  elk. 

Knox  County.  Still  found  here  in  early  part  of  this  century.  Mr.  Brad. 
Thompson  reports  seeing  a  wild  elk  in  18;}0.  Mr.  Stafford  says  that  he 
saw  an  elk  that  was  killed  on  Pond  Creek  in  1829  (Chansler). 

Daviess  County.     Mr.  Bruce  reports  seeing  elk  horns  in  Daviess  County  as 
late  SIS  IS-IO  (Chansler). 
J'y.      JiiAon  hij*cm  (L.).     Bison;  buHalo. 

Knox  Countv.  The  buffalo  in  an  earlv  dav  were  verv  numerous.  The 
trail  along  which  they  used  to  travel  between  the  blue  grass  region  of 
Kentucky  an<l  the  prairies  crossed  the  Wabash  River  near  Vincennes. 
George  Rogers  Clark,  writing  from  Vincennes,   mentions  the  buffalo. 
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Mr.  h.  Thompson  says  his  father  reported  buffalo  here  in  180S.     Mr. 
A.    Staflbrd    tells  me  of   finding   buffalo   horns  on    Collins'    Prnirie 
(Chansler). 
I>aviesH  County.     Mr.  Bruee  rej>orts  finding  horns  that  had  been  dug  up  by 
hogs  in  a  marsh  in  1840  'Chansler). 

16.  Pnicyon  Uttor  (\,.).     Raoootm. 

Newton  County.  Aimndant.  Have  been  known  to  bed  up  like  hogs,  two 
in  a  bed,  on  the  edge  of  the  marshes.  Hunters  follow  along  the 
marshes,  and  when  the  raccoons  are  found  thev  at  once  take  to  the 
water  to  csca])e  the  dogs  (Pfrimmer). 

Knox  Countv.  Not  so  common  as  formerh*.  The  fur  traders  saA*  thev  tr^.n- 
crally  get  two  or  three  black  V<M>n8  each  winter  (Chansler). 

17.  Urnus  aniericanuA  {ViiUas).     Black  bear. 

Knox  Countv.  Motleratelv  common  within  the  memorv  of  a  few  ul  our 
oldest  citizens.  \i\  old  friend  tohl  mc  that  when  a  bov  he  met  with 
bear  quite  often.  He  saw  the  last  (me  in  this  county  in  1S45.  The 
Vinceimtii  Commercial  in  18X2  reported  two  young  black  bears  having 
been  killed  at  Montours  Swamp  that  year  (Chansler). 

T)aviess  Countv.  Mr.  Bru«*e  savs  the  last  black  Ix-ar  in  this  countv  was 
killed  in  18:]7  (Chansler). 

Newton  County.     Kxtinct. 

Jasper  County.     About  ten  years  ago  iPfrimmen. 

18.  Xii/*'(  AMr/x#>«»>'/  (Lacipede. )     American  otter. 

Newton  County.  Reported  within  six  months.  Oi.e  caught  last  winter 
(lSi»3-4).     1  have  seen  signs  within  three  years  (Pfrimmeri. 

Lake  County.     R»*ported  within  last  few  years  (Pfrimmer). 

Ptuter  County.     Rep»»rtcd  within  last  few  years  (Pfrimraer\ 

Tippecanoe  County.  One  killed  on  (ioose  Ishnul,  Wabash  River,  by  C.  A. 
Shott  spring  «»f  ls<M.  Skin  sold  in  Lafayette  for  SI*.  The  specimen 
has  been  seen  and  identification  verified.  Mr.  Schott  reports  another 
shMc  in  the  same  localitv.  He  savs  he  has  seen  several  other  oiter>. 
They  are  extremely  shy  and  difficult  to  get  (Prof.  Stanley  Coulter  . 

Kn»>x  Countv.     Kare  if  not  extinrt.     Hunters  used  to  kill  them  in  winter 
in   the  Miow  with  <lul)s  as  they  travelled  from  one  pond  to  another. 
Older  mt-n  remember  a  familiar  slide  ((.hansler). 
ll».      Toxid^yt  iunmicnna  {\\iAi\).     American  l)adger. 

Newton  ("uiinlv.     Orcasionallv  found. 

•  ■ 

Benton  Countv.     ( >iu'  killed  about  \^1A  (  Pfriunner). 
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"20.      TV^KM  tW/xw  (I^. ).     Red  to  X. 

Xewtou  County.    Along  Iroquois  River  plentiful;  elsewhere  rare  (Pfriranier.) 
Knox  County.     Common  in  last  fifteen  years;  before  that  rare  (Chansler). 

"21.       Urocyon  cineittxirgentatu^  (Schr),     Gray  fox. 

Knox  County.     Common  to  fifteen  years  a>fo.     Now  rare  (Cliansler). 

22.  Canw  lupus  (Say).     Wolf. 

Newton  County.     One  killed  two  years  ago  (Pfrinimer). 

Knox  County.  Nnraerous  in  the  early  days.  Last  one  was  killed  on  Birch 
Run,  between  Bicknell  and  Edward8|>ort  by  Henry  Marlin  in  1858. 
One  was  killed  within  one  and  one-half  miles  of  Vineennes,  in  Illi- 
nois in  1882  (Chansler). 

Daviess  County.     Last  seen  in  1850,  according  t«»  Mr.  Bruce  (Chansler). 

23.  Cfinif  lati'anH  (Say).     Coyote,  prairie  wolf. 

Newton  County.  One  killed  in  November,  18i)4,  along  Monon  Railroad. 
Observed  in  all  parts  of  Newton  County  within  last  three  years.  More 
numerous  in  northern  portion.  A  ride  of  half  a  dozen  miles  through 
the  higher  marshes  will  probably  reveal  two  or  three.  Last  year 
(1893)  saw  three  at  one  time.  They  are  destructive  to  poultry,  pig8 
and  sheep.  This  county  paid  over  5^100  bounty  for  wolves  killed  last 
year.  The  rate  was  $5  for  each  old  one  and  $2.50  for  each  young  one 
(Pfrimmer). 

Knox  County.  Not  so  common  as  the  gray  wolf.  Found  as  late  as  1854. 
One  authority  rejwrts  seeing  one  near  Vincennes  in  1858.  The  species 
has  not  been  authentically  reported   from  the  state  before  (Chansler). 

24.  iv>/i«  conco/or  (L. ).     American  jianther. 

Knox  County.  Formerly  found.  Mr.  A.  Stafford  reports  seeing  the  last 
one  in  1833.  Mr.  Thompson  reports  seeing  one  in  1825.  Mn  TJruce 
reports  it  in  Daviess  County  as  late  as  1830  (Chansler). 

25.  Zr»/Mjru/'tt^(Gulden8tadt).     American  wild-cat. 

Knox  County.  Rare.  One  killed  near  Bicknell  in  18.32  by  Mr.  Robert  M. 
Kinsley.     Reported  about  M(mtour8  Swamp  spring  of  Ism. 

AVells  County.     One  taken    near    Bluffton  early    in    November,   1894.     It 
weighed  6(5  pounds  (F.  M.  Noe). 
36.      LepiiJ*  aqucUicw*  (BacUmvLn).     Water  Hare. 

Knox  County.  Mr.  Chansler  says  a  brown  rabliit  has  l)cen  seen  there  by 
different  perscms.  It  is  said  to  be  much  larger  than  the  common  gray 
rabbit.  It  seems  probable  that  two  forms  of  swamp  hares  will  be 
found    in    the    lower    Wabash    valley,    the  one    above    noted,    which 
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ranjifos  SOU  ill  west  to  the  iii\\i  of  Mexico,  and  the  smaller,  Ijcpuif  }Hthi»t- 
triit,  Hachmnn,  which   ranufes  to  the  south  and  Koutheast.     Careful  in- 
vestigation of  the  rahhitjj  of  southern  Indiana  is  ret} nested. 
27.      Corifmnhifiin'  mucrtttii*  (Ijedmie).      Big-eared  hat. 

December  2<>,  1H1>4,  Dr.  L.  M.  Underwood  brought  to  me  at  the  ])eni8un 
House,  Indianapolis,  a  specimen  of  this  sjiecies  taken  from  a  cave  live 
miles  southwest  of  ( ireencastle.  Ind..  a  few  davs  l)efore  bv  Prof.  J.  P. 
Naylor.  There  was  another  with  it,  which  was  not  taken.  Returning 
to  the  cave  another  time  no  more  could  be  found.  The  specimen  is 
now  in  mv  collection. 


SoMK  (asks  of  Mimicky  IX  FisHKs.     By  W.  .1.  Moenkiiai'.s. 

There  are  four  ditierent  sjH'cic'*  of  lish  that  show  a  mo>t  interesting  similarity 
in  their  cobir  pattern.  Thev  jire  KfhttK<tinna  bl*  iinitu*,  KthfoMoma  itravldeu,  Coftv^ 
richard-toni  ii\u\  ('ntfu<t«niiii.<  nitfrlcayis.  They  belong  to  three  diflTerent  families,  the 
tirst  two,  darters,  to  the  Pervuhv :  the  third.  x\w  ml/h/s^thinnh,  to  the  Cotfifif.  and  the 
last,  the  bhnU  sinker,  to  the  Cntostomifln . 

The  rolor-paltcrM  consists  of  four  broa<l  transverse  bars  extending  <lownward 
and  forward.  TIjc  similarity  <»f  this  pattern  in  tin-  dartersand  the  miller's  thumb 
is  almost  j»erfcci.  The  black  su<'ker  ha>  this  pattern  only  when  yrmng.  The  re- 
sembbnu'c  here  is  less  perfect. 

This  remarkable  coincidence  of  color-pattern  can  be  explained  on  the  prin- 
ciple of  protect ivc  mimi<Ty.  The  miller's  thumh  is  a  very  horny,  spiny  and  un- 
inviting tisb  for  food  to  any  enemy  that  may  live  on  small  Hsh.  It  may.  there- 
fore, have  found  it  advantageous  {^^  develop  these  four  prominent  bars  as  a  mark 
to  enable  its  enemy  t«>  recognize  it  and  thus  make  fewer  mistakes  in  capturing 
undesirable  food.  The  darter  and  the  young  sucker  on  the  other  hand  would  be 
most  ex«*cllent  foo<l  for  thcM-  same  eneuiies.  Thus  they  have  found  it  to  their  ad- 
vantage lo  mimic  this  miller'.;  thumb  and  livi-  ofl'  its  reputation  as  an  undesirable 
food  fish. 

Thi-*  seems  all  the  more  pro]>able  from  the  fact  that  these  tisb  inhabit  the 
same  stream-^. 
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LErcistusii  Ha  LTKATU:^  (Richardson  1.     A  Stidy  in  Variation.*     By  Ca  hi.  II. 

ElGENMANN. 

Nowhere  else  in  North  America  do  we  rind  withiu  a  limited  region  such  ex- 
teosire  variations  among  freshwater  fishes  as  on  the  Pacific  Slope.  This  is  true 
whether  we  have  reference  to  the  extent  ul  variation  heiween  the  extremes  tif  the 
same  family  or  to  the  limits  of  variation  in  any  given  species. 

A  comparison  of  the  members  of  the  eight  families  of  fishes  having  represen- 
tatives (m  hoth  the  Atlantic  and  the  Pacific  slopes,  show  that,  on  an  average,  each 
of  thesi'  families  has  four  genera  and  sixteen  species  on  the  Pacific  slope,  an<l 
seven  genera  and  thirty-six  species  on  the  .Vtlantic.     Yet,  although  the  nuinher 
of  species  is  more  than  twice  \is  great  on  the  Atlantic  slope,  the  variation  in  the 
niimU'r  of  fin  rays  among  the  Pacific  sloj)e  species  ih  greater  in  all  but  two  fami- 
lies.    1  have  reccntlyt  made  a  detailed  comparison  between  the  members  of  the 
different  fannli<»s,  and  there  attributed  this  great  extent  of  variation  to  tw(>  causes. 
First:  the  launa  is  of  diverse  origin  ;  some  of  the  members  are  of  Asiatic,  while 
others  are  (»f  Atlantic  descent.     Second  :  the  fauna  is  new  as  compared  with  the 
Atlantic  slojje  fauna,  and  has  not  yet  reached  a  stage  of  staple  cijuilibrium.     It  is 
possible,  as  suggested  to  me  by  President  Jordan,  that  the  Pacific  slope  fauna  has 
retained  its  primitive  charactei*s  more  nearly  than  the  Atlantic  slope  fauna,  which 
shows  signs  of  degeneration  in  its  fins  and  teeth. 

This  great  variation  between  the  members  of  the  same  families  is  not  confined 
to  the  fin  rays.  It  is  ecjually  true  of  other  cliaracters,  but  can  best  be  demon- 
strated in  characters  whose  variation  can  be  numerically  expressed.  The  pharyn- 
geal teeth  of  the  Cyprinidie  oflTer  another  striking  example  of  these  variations  amonjr 
the  Pacific  slope  species.  In  a  number  oi  cases  the  variations  of  the  Pacific  sliipc 
species  extend  along  definite  and  parallel  lines.  I  have  pointed  out  some  oi  iliest* 
in  the  paper  quoted  above.  These  lines  are  directe<l  towards  an  increa>e  nt  ray> 
and  towards  a  modification  of  rays  into  spines. 

The  following  (|uotations  from  Gilbert  and  Kvermann's  recent  work  on  tin* 
Columbia  River  b]isin,j  illustrate  the  variation  among  the  difJerent  specimtMis  «.f 
the  same  sjjecies.  "The  range  of  variation  seems  to  be  very  great,  and  cl.arar- 
ters  which  are  of  undoubted    specific  value  when    applied  to  Atlantic  drainaj:i- 


■  Contributions  from  the  Zoological  Laboratory  of  the  Indiana  rniversity,  No.  11. 

tResults  of  explorations  in  Western  Canada  and  Northwestern  I'nited  Stnte^.  Bull, 
r.  S.  Fish  Comm.  for  18M,  pp.  101  to  132,  plates  5  to  8.    June,  m^. 

tReport  of  the  Commissioner  of  Fish  and  Fisheries  on  InvcstiKation.^i  in  (he  Columbia 
Kiver  Banin  in  regard  to  the  Salmon  Fisheries.  Wat^hinfrton,  1894.  A  Report  u|ion  Invest!- 
j^tions  in  the  Columbia  River  Basin  with  DcH<^ri|.tions  of  Four  New  i<pfcits  of  Fishog. 
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species,  do  not  possess  any  such  value  for  classification  of  Pacilic  coast  fi>hei*. 
Kach  so-called  sj^ecies  seems  to  be  in  a  very  unstable  state  of  e(juilibriuni.  and  not 
to  have  yet  assumed  or  been  able  to  retain,  with  any  degree  of  permanence,  any  set 
of  specific  characters."  **Thc  crosswise  series  of  scales  [in  Agosia  nubila  (Girard )] 
varies  from  47  to  70  in  number;  the  barbel  [a  generic  character]  is  pri'seni  or  ab- 
sent; the  pharyngeal  teeth  varv  from  1,  4-4,  0  to  2,  4-4,  1;  and  the  dorsal  fin 
varies  much  in  position  and  somewhat  in  size.  These  characters  occur  in  various 
combinations,  and  with  some  of  these  are  often  correlated  peculiarities  of  j>hysi- 
ognoniy  and  general  appearance,  all  of  which  may  serve  to  put  a  certain  stamp 
upon  the  individuals  from  a  single  stream,  or  even  from  one  locality  in  a  stream.*' 
These  observations,  especially  those  containeil  in  the  last  sentence,  accord  exactly 
with  the  results  obtained  bv  me  in  another  fish  and  confirm  mv  statement  which 
will  be  further  re-enforce<l  by  the  present  paper,  that  "each  loi'ality  has  a  variety 
which  in  the  aggregate  is  diflPerent  from  the  variety  of  every  other  locality.'' 

The  remarkable  variation  of  the  Pacific  slope  species,  and  more  es|>ecially 
the  variation  in  the  fin  rays,  was  first  noted  in  preparing  my  account  of  the  speci- 
mens collected  in  the  Columbia  and  Frazer  basins.*  This  variation  was  most 
pronounced  in  the  species  of  the  late  genus  Kichardsonius.  Of  the  s|K'cies  of  this 
irenus,  1  had  about  ''I^yO  sfiecimcns,  collected  in  the  PVazer  and  Columbia  systems, 
from  ti«lc  water  to  an  elevation  of  2,78Hfeet.  The  later  explorations  v)f  Gilbert  and 
Kvcrmann  have  increased  this  number  to  S'io,  and  these  warrant  a  re-cxamination 
4»l  ilu*  points  stated  by  me.  For  all  the  dale  concerning  the  fin  rays  of  the  sj>eci- 
menscidlecled  by  Gilbert  and  Evermann,  I  am  indebted  to  them.  Their  examina- 
tion of  these  specimens  was  made  to  test  I'crtain  conclusions  reached  by  me,  and 
liicir  data,  therefore,  join  mine.  In  counting  the  anal  rays,  I  counteii  the  rndi- 
nicnls  at  the  beginning  of  the  fin.  These  were  not  counted  by  (filbert  and  Evei- 
niann,  and  to  bring  their  data  in  perfect  accord  with  mine,  it  is  necessary  to  add 
two  to  the  number  of  anal  rays.  While  the  numl)er  of  rudimentary  rays  is  not 
nlwavs  two,  it  is  so  often  that  the  exceptions  would  j^robably  not  alter  the  gen- 
vvi\\  results. 

At  the  time  I  began  my  stuilies  of  these  forms,  they  were  regarded  as  two 
species,  forming  a  peculiar  genus,  Kichardsonius.  They  were  known  to  inhabit 
the  Columbia  river  and  the  streams  about  Puget  Sound.  The  compressed  l>elly 
behind  the  ventral  tins  was  regardcil  as  the  character  separating  them  generically 
irouj  the  relate<l  forms.  It  sotm  became  evident  that,  while  some  specimens 
i)ossessed  this,  if  ccmstant,  mniucstionable  generic  character,  others  did  not  show 


■  Thi."  variation  in  tlio  suiue  8peci«!»  does  not  3eein  to  be  confined  t«»  the  fishe.-.  ProfesMr 
Hitter,  Pror.  <'iil.;  Acad.  Sci.,  2d  8t*r.  Vol.  IV..  p.  .T,  fintls*  the  !>anie  in  Prmphorm  ann^ecten* 
;i  new  tuni«-.ite  dcscrihe'l  by  him. 
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it  at  all.  jiml  iIh»  genus  w:is  relegnU»<l  to  the  limbo  of  synonymy.     The  species 
hfiHfutMi*  and  luteralu  were  distinguished  as  follows: 

a.  Base  of  anal,  4|  in  the  length  ;  A.  17  or  IS;  teeth  2,  5-4,  2.  Lower  jaw 
>li^'litly  projecting  beyond  the  upper.  Coloration  plain,  the  sides  bright  silvery, 
cririiMm  in  males  in  spring.     Scales  13-<»2-6.  baltefttns. 

nil.  Base  of  anal,  5A  in  the  length;  A.  14;  teeth  2,  5-5,  2.  Jaws  ec^ual. 
Blackish  ab<ive,  a  dark  lateral  band;  the  interspaces  and  belly  ]mle;  crimson  in 
male  in  summer.     Scales  13-55-6.  lateralitf. 

No  better  distinguishing  marks  could  be  wished  by  any  systematist.     These 
characters  were  found  to  be  so  bri<lged,  that  the  extremes  could  not  be  specifically 
sustained  and  one  of  them,   probably  out  of  deference  to  the  authority  of   my 
friends  Jonl an  and  Gilbert,  from  whom  the  above  diagnosis  was  modified,  was  re- 
tained as  a  variety  of  the  other.     Now   I   am   inclined  to  regard  UUerali*  as  a 
synonym  of  buiJaUiis  with  (yilbert  and   Kvermann,  but  1   must  take  exception  to 
the  statement  attribute<l  l<»  me  that  I   "considered  htfralis  a  sub8|H'cies  of  6a/- 
/«!/»«  occupying  the  same  brook  with  its  parent  form."     1  found  balleatwt  at  the 
lower  Krazer   to    Kam loops,  lateralis   at    the   headwaters  of   the  Thomson   Kiver 
down   to   KamliKips.     I   see  no  reason  why  a  subspecies  should   not  occupy  the 
same  "brook"  with  its  parent  form,  for  some  allied  species  — between  which  and 
y^ulwipecies  there  is,  after  all,  but  a  mental  diflTerence — are,  even  by  (Gilbert  and 
Kvermann,     admitted    to    live    sid<'    by    side    {Affoaia   falcata   and    itmnfitln    at 
Umatilla). 

LefwiMTHi*  InUft'afuji  asrends  the  tributaries  oi  the  Frazer  and  Columbia  as  high 
as  the  falls  will  permit.  No  other  species  is  found  in  the  Frazer  system  nor  in 
the  Columbia  basin  proper.  The  specimens  from  Brown's  ilulch  were  describe«l 
as  ilifferent  from  thos<'  of  the  l(>wer  Columbia,  but  a  comparisiui  of  large  numbers 
frt»m  other  localities  has  shown  them  to  be  but  one  of  the  numerous  local  varia- 
tions. Three  other  species,  L.  hifdroph/or,  lineatua  and  aiina*'  are  found  in  the 
Snake  above  the  falls.  The  la>t  two  Indong  to  a  ditterent  sectiiui  of  the  genus 
L^nci/ti^UK  and  are  not  closely  related  to  baltentm*.  All  three  have  probably 
enteriHl  the  Snake  River  from  the  Utah  Basin.  As  far  as  known  the  territories  of 
L.  ItnHeatiiA  and  hi/dfophiox  do  not  overlap,  upless  those  s|H»cimens  of  bdlfeatus 
with  only  13  or  14  anal  rays  are  in  reality  /ti^lrophbtx,  and  as  far  as  my  ex|)erience 
coes,  the  numWr  of  anal  rays  is  the  only  reM<ly  means  of  distinguishing  the  two. 
L  tuifhattiM  extends  up  to  or  near  to  the  first  falls  of  the  Snake,  hjdrophhtx 
is  found  from  this  jM)int  to  the  headwaters.  A  <-omparison  of  hydrophlox,  hal- 
fetitt'!*  and  (/i7/i,  the  s|M"cimens  from  Brown's  (Julch,  makes  it  quite  certain  that 
4hev  are  all  mo<lificati(»ns  of  the  same  form. 


Bili>«   iiri'  ;rivi'ii  B  niiniU'r  »i  lahK-s  which  shuw  ihf  viirialion   in   sev* 
nnii-ltTn.     ThtiM,-  InliltM  arc  nil  fr»iii  my  nwii  apmiinvn^. 

TABI.K  iiK  VAKIATIDN  FOR  TWESTV-SiX  .■'PKCI.MKSS  FROM   MlSiJlON. 
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Kn.m  tht-N'  ln1>i>>s  il  tFitl  W  noll.Td  llml  llu-  iiKriilKT  of  .1 
islaiil.  l«inK  I'min  1<J  m  ]:i.  TJif  viiriuti'Hi  in  tli>-  iinni  is  hi 
iH  lr.'al  ill  <lelnil.  The  •'i-ales  an-  st'fii  1<>  viirv  from  10  lo  H  h1»>v<-  tlir  IiiIi'mI 
e;  i>.>i.i  ■'..->  1.,  li:t  al.>iiK  the  liili-nil  lint-,  and  from  ^  l»  7  Ih'1'>»'  IJiv  liiK-riil  liiir. 
^n-  if  nolliini;  iiniisiial  in  thrsv  variiitinns  Ihey  art'  >'iir|ia<xt<l  ur  i'.|iiul1f<l  l>y 
ler  ■iicmb.-rs  of  tin-  -.aiiK-  faiiiiJy.  Tlit  viirialioii  in  Uic  Iri'lli  is  ;.'reat.  With 
-  exo'i'ii"".  <><«'<'•-  ore  iwu  tt>.>tli  in  ili.^  lesser  row  of  ilic  left  huU:  Tli.-  Miojor 
>'..n  ihelt'fi  "iil.M'oniain'-'tor.l 
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Iff.'fT  row  of  tilt'  rtglil  -^idi'  |:<  >pi'4'iiiit'n--  IihiI  om-  totitli,  '2<)  Itail  '2  ti-t'tli  iiiirl  I 
:t.  Thi>  iHsl  KiH-'-iint-n  with  dfntal  furiiiiiia  '.'.  .'>-'>.  :!.  t'.x.t't'dH,  lli.-  ik'nlai  foni 
,.i  nil  il«'l-'>Atlaiiti<-slo[K--^)>i'<'i<'sof  lhi.-<  family.  Amonx  the^f  d.'iitnl  forii 
»f  find  variations,  tin-  <.->:tn'nK'g  of  wliirli  h:ivf  lH.'f>l  lakt-[i  as  R.-ii<-ri('  rhiini.- 
The  .lifTrn-nt  »,inldnailons  of  t.-.-tl>  Diid  tlit-  iinii>l>er  ..f  spt<>iiiii<iis  liuvinfi  . 
iiiimlH-r:itT  as  follows:  <W«ilh  I,  -i-l.  1;  one  wilh  l.'V4, -J;  !«■..  with  2,  I -: 
onf  with  2.  4-;!.  2;  rnip  with  2,  4-4.  2:  ont-  with  2,  4  ''.,  2;  oin-  with  i.  .)-: 
t-lev.'n  with  2.  5-4,  I:  Hiilrrn  with  2.  'V4,  2:  imc-  with  2,  .V5,  :l.  Tin-  ii>iii 
■i.iniinal  formula  U  2.  ■V4.  1  or  2.     Tix'  variation  lhr..iiKh  t«ii  d>fli'rt>iit  .nnd. 


The  proportions,  while  varying  considerably,  do  not  show  any  wider  fluctua- 
tions than  usual.  The  position  of  the  dorsal^  on  the  other  hand,  varies  from  mid- 
way from  hase  of  the  middle  caudal  rays,  and  from  a  point  behind  to  a  point 
«hove  the  middle  of  the  eve. 

In  the  development  of  the  keel  behind  the  ventral  Hns  wc  find  again  a  great 
fluctuation  in  specimens  from  the  same  locality.  In  some,  the  keel  is  verj-  sharp; 
in  others  it  is  entirely  absent,  and  between  these  forms,  we  have  all  shades  of 
variation.     If  uniform,  it  would  be  of  generic  value. 

Now,  as  to  the  variation  of  the  anal  rays.  The  lowest  number  recorded  is  13 
(after  adding  2  to  Gilbert  and  f2vermann*s  lowest  number),  and  the  highest  is  24. 
This  gives  a  total  variation  of  12  rays.  This  would  be  a  large  variation  for  any 
fish,  but  l)ecome8  phenomenal  when  it  is  considered  that  the  variation  in  the 
numl>er  of  anal  rays  ol  the  175  Atlantic  slope  species  extends  only  from  (5  to  14, 
a  total  variation  of  but  i>  for  17.')  s])ecies  as  compared  with  the  variation  of  12  for 
a  single  species.  The  high  number  of  rays  reached  is  also  phenomenal,  for,  leaving 
t)ul  of  consideratitm  the  two  rudimentary  spines,  the  highest  number  of  anal  rays, 
22,  is  ten  more  than  the  number  found  in  any  other  Pacific  Cyprinoid,  and  eight 
more  iban  the  number  found  in  any  Atlantic  species.  The  average  number  of 
rays  is  seventeen.  The  variation  to  lower  numbers  extends  through  4  rays  to  13. 
The  variation  to  higher  numbi'rs  is  much  greater,  extending  through  7  rays  to  24. 
Nr)t  only  is  the  extent  of  variation  greater  towards  higher  numbers,  but  the 
tiumber  of  specimens  varying  in  that  direction  is  much  greater.  Of  S25  specimens 
but  22.3  per  cent,  have  the  average  number  of  rays.  This  is  the  largest  per  cent, 
for  any  given  number  of  rays.  Thirty-four  per  cent.  <)f  all  the  specimens  have 
fewer  than  the  average  number  of  rays,  while  42.t)  per  cent,  have  more  than 
the  average  number.  .A  more  striking  illustration  of  determinate  variation  could 
Hot  be  wished. 

Figure  1  graphically  represents  tlie  variation  of  the  species  as  shown  by  the 
S2')  specimens  examined.  The  total  bight  oi  tbe  vertical  lines  represents  the 
greatest  p(»ssible  number,  lOi)  per  cent.,  that  could  have  the  given  number  of 
anni  rays  indicate<l  at  the  bottom  of  the  lines.  Tbe  curve  shows  the  actual  j>er 
Cent,  of  specimens  having  each  particular  number  of  rays.  Were  the  variation 
itroiiiiscuous  the  curve  would  l>e  symmetrical.  The  svmmetrv  shows  the  inherent 
tendency  to  a  liigber  numl)er  of  ravs  in  this  fish.  It  mav  be  well  to  l)€ar  in  mind 
that  no  otber  sj)ecies  has  a  higher  number  of  rays — that  no  (►tlier  species  joins  this 
curve  on  tbe  right— while  at  least  one,  probably  two,  related  8|)e<'ies  living  in  the 
bead-wsiters  (►f  the  Snake  River  have  fewer  rays,  *.  e.,  jidns  this  curve  on  the 
Jeft.     The  curve  of   Tj*'uriftcuH  hifdrophiitx  will  not  only  join  this  carve,  but  overlap 


il,  shrjHJTIg  Ihul 
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Til  facililHt.'  till'  Eliiilv  ot  tlir  Xm-A  viirklionn  I  give  li«lc>w  uU  tlir  data  coii- 
rrniiDK  the  X'2^i  NjiecinietiK  <if  IhU  fitili.  The  linl  foliiuin  gives  thr  nnnic  uf  tlie 
sirciiu  anil  Iwulily;  ihe  wi-unil  roluiun  giveM  t.\\v  flevnlliiii  of  ihe  tiK-aliiy;  the 
ihinl.  rhr  nitmlitr  of  ^|>e('iriii'n>  i-olitti-tcil  at  tlic  uiven  \i\avv,  the  fourth,  ihv  i-x- 
Ivnl  'li  variution  in  [he  anal  rayn  in  the  HiKfimeiiB  frciiii  ihe  h>culity,  iind  ihp  Mit- 
rrcilin);  (■uliitiina,  lliu  niiiulH.T  i>i  s(i«(-iiui>iix  having  the  particular  niiiiilicr  of  anal 
mv,  incl<,'Hieil  at  lli.'  l»-i.d  of  tlur  roluiuns.  The  figLrrs  below  iIil-  .-..lumn  r.-i-ris 
r!iniin(t  (he  averanf  niiralitrof  ray»  [or  Ihe  Ki'ei-inieiiH of  the  localily  are  in  iialic-f. 
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:JjHik»ne  Kiver,  Spukm 
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Knaka  River.  Payvlli- 
Xai'lieK.'    Rik>r,    N»i 

Yakima 
PenJ    .rdreiilc-    Itiv 
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After  a  detailed  examination  of  llie  specimens  collected  bv  myself  I  fnimd 
that  every  l(»cality  lias.a  variety  peculiar  to  itself.  The  number  of  localities  has 
been  trebled  by  the  explorations  of  (jrilbiert  and  Evermann,  and  the  number  of 
specimens  raised  from  250  to  825,  and  their  detailed  examination  of  these  speci- 
mens bears  out  the  above  statement  for  everv  locality  examined  bv  them.     Un- 

•  •  • 

f<krtunately  they  allowed  themselves  to  be  side-tracked  by  minor  issues,  and  did 
n<it  mention  this  fact  of  local  variati<m  except  in  connection  with  another  si>ecie8. 

1  collected  at  three  localities  in  the  Fraser  basin.  At  Mission,  B.  C,  I  ob- 
tained seventy-nine  specimens  in  water  which  is  aflTected  by  the  high  tides.  At 
^ieamons,  at  an  elevation  of  1,300  feet,  I  collected  fifty -eight  specimens.  In  Griffin 
J-ake,  at  an  elevation  of  1,900  feet,  I  secured  fourteen  specimens.  Four  others 
Were  securetl  at  Kamloops,  but  thc^se  are  too  few  to  aid  us  in  our  study. 

The  variation  for  these  localities  is  represented  by  the  three  curves  of  figure 
two.  The  vertical  lines  stand  for  fin  rays  io  total  height  of  the  figure  for  100^. 
The  vari«>us  hei>i^hts  of  these  curves  represent  the  |)er  cent.  «>f  s|>ecimens  having 
the  jjiven  number  (d'  rays.  The  variation  is  seen  to  be  much  the  jtreatest  at  Mis- 
sion, a  fact  which  is  largely  to  1k'  attributed  to  the  greater  number  of  siK-cimens 
secured  at  this  place.  The  variation  from  the  normal,  which  is  nineteen  rays,  to 
a  higher  number  of  rays,  is  as  great  as  the  entire  variation  for  the  next  lo<'ality. 
At  Sicamous  a  much  larger  per  cent,  has  the  normal  nnmlHT  of  rays,  but  the 
normal  numl>er  has  lieen  decreased  to  seventeen  The  curve  for(irittin  Lake  is 
interesting.  InHuiuse  the  normal  number  of  rays  has  again  been  dci'reased  by  two. 
In  other  words,  the  higher  the  altitude  the  fewer  the  nund>er  of  rays  and  the  nar- 
rower the  limit  cf  variatiini.  '^  More<)ver,  the  curves  are  not  svmmetrical  for  anv 
of  the  three  localities,  but  in  the  aggregate  the  more  gradual  slope  is  on  the  side 
t»f  an  increase  in  the  number  of  rays,  a  condition  which,  considering  the  general 
variation  of  rays  on  the  Pacitic  Slope,  seems  to  indicate  that  the  number  of  rays 
t»f  this  spe(;ies  in  the  Frazer  system  is  inereasing,  and  that  the  inerease  is  pro- 
irr«*<sing  from  h>wer  to  higher  altitudes. 

A  glance  at  the  remaining  curves  will  be  sutKcient  to  show  that  no  two  curves 
;ii>'  alike,  that  the  |K*r  cent,  of  specimens  having  a  given  number  of  rays  differs 
with  each  locality.  Naturally  the  curves  constructed  from  a  large  number  of 
speeiniens  represent  the  true  conditions  better  than  the  curves  constructed  from 


III  their  recent  paper  (filbert  and  Kvcrnianii  have  rais^ed  thin  >piM*iHc'  statement,  which 
tM-i-urj*  in  my  paper  «|uoted  above,  into  the  diKnity  of  a  **  theory  "  and  "  Kenernli/.ation," 
wliich  it  was  never  intended  to  be,  and  their  ariruments  nK»in^t  it  as  ;i  ••  thtMiry  "  and  **  jcen- 
rrali/ation  "  arc,  therefore,  not  np|»n»printe. 


IKl 


*  bat  a  tcK'.  The  extent  of  the  variation  varies  hirj^fly  with  the  nnnilier  of  speci- 
mens examined  ;  that  is,  the  probahility  of  securing  extremes  heeonies  greater 
with  an  increase'  in  the  number  oi  8|>ecimen8  colleetet!. 

The  irreatest  extent  of  variation  for  any  locality  as  far  as  known  is  through 
nine  mvs.  This  has  l»een  found  onlv  when  over  seventv  si>e<'imen8  have  iieen  com- 
pared.  It  decreases  to  ab<»nt  five  rays  with  ten  specimens.  The  total  variation 
for  the  species  hax  not  Ikhmi  found  at  any  one  place. 

The  (piestion  of   variati(»n  with  elevation   is  an  interesting  one,  and  may  he 
taken  up  in  some  detail. 

In  the  following  table  «//  the  localities  are  groiipe<l  acconling  to  their  average 
numi>er  of  rays  : 


Aremire 
Numl>er  of 


Number  of 
Localities. 


hiMMiliti  *,  With  Their  Klcviition.x. 


15 
\\\ 

17 
3) 


Li  tie  S|M>kjine  Ki\ir.  l.H:>n:  Griffin  Lake,  l.i«*.'<»:  IWvelstoke 

ou  the  Columbia,  1,47-^. 
Luke    Washington,    1:    I  iipitilla    River.    Pendleton,   1,()70; 

vSpoknnc  River.  1,910:  Colvlle  River,  Meyer?  Fa»«8,  1.200; 

(Vi'uinbia   Ri*er,  Golden.  2,.T6f);  Grande  Ron«le  River,  La 

Grande.  2.78fi:    Silver  Bow,  Brown'?  Gulch,  5.144:    Pend 

d'Greille  River,  Newport,  2,000. 
Newaucum    Rivo-.  (Miehalii*.  '04:    yatches*.*    River,  North 

Yakima,  1,078:  Sicaniou>,  l.:>00;  Hnngwan  Crerk,  Spokane, 

1,910;    Sraall  (reek,  2,10 1;    Post  Creek.  :l,Ui0:   Flat  Hea<i 

Lake,  3.100. 
Pavette  River,  2.1^0;  Boise  River,  Caldwell,  2,372;  Skookum- 

cnuck  River,  (.-hehalis,  204. 
Mission,  1:  rmatilla,  :«0;  Walla  Walhi  River,  :J2ti:  Potlateh 

Creek,  1,200;  Kamloopti.  1,15S. 
Clear    Wa  er    Let%iiit<»n,  7o0:    Snnke    River,  Payette.  2.1.'>>; 

CoIuniV>ia  River,  Pn«i<'0.  .'{7'». 


The  lowest  average.  1").  is  found  in  but  three  localities,  the  l<>west  of  which  is 
at  an  elevation  t»f  1.47o  feet.  This  las»t  is  of  no  value  sin<'eonly  one  s|Kvimcn  was 
obtained,  and  the  chances  are  against  an  average  specimen  if  only  one  i>  taken. 

The  second  average  is  fc»un<l  all  the  way  from  ti<lc  water  to  :in  elevation  ol 
').344  feet.  Ft  is,  however,  notable  that  only  one  of  the  localities.  Lake  Wash- 
ington, which  does  not  lielong  to  one  of  the  two  large  water  systems,  is  at  a  low 
elevation.  The  lowest  of  the  other  seven,  all  of  which  belong  to  the  Coluinbi: 
xytitem,  is  at  an  elevation  of  1,070  feet. 

The  third  average,  which  is  al-^o  the  general  average  for  all  the  specimens,  h 
found  in  Si-ven  localities,  the  lowest  of  whith  is  at  an  elevation  of  2<M,  the  highest 
at  3,100.  All  but  tlie  first,  which,  again.  kXovs  not  belong  to  one  ot  the  Iaii»c  river 
.HVsteniH.  are  at  an  elevation  above  1,0'  0  feet. 

The  fourth  average  ranges  from  204  to  2,;172  fiei. 
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The  fil'lh  avenigt',  lU  rays,  is  loiind  in  tivc  localities,  three  of  which  are  heh»w 
l,00o  :*eet,  and  the  highest  is  at  l.*200. 

The  i!.ixth  average,  of  20  rays,  varies  from  .S7')  to  2, 15t»  feet;  two  of  iheiii  are 
at  an  elevation  of  less  than  1,000  feet. 

This  grouping  does  not  show  any  nniforni  variation  with  the  altitnde.  It 
nuiy  he  emphasized  that  the  lowest  average  is  not  fonn«l  helow  1.470  feet,  that 
only  one  of  the  seven  having  an  average  of  Hi  rays  is  fonnd  helow  1,000  feel,  and 
that  bnt  one  of  the  eight  having  an  average  of  17  rays  is  fonnd  helow  1,<K!0  feet. 
From  the  last  hnt  three  s|H*cimens  are  known.  It  may  he  fnrther  emphasized  that 
three  of  the  live  hu-alities  having  an  average  of  1*.»  rays  are  found  helow  1,0(X)  feet, 
and  that  two  of  the  three  having  an  average  of  20  rays  are  fonnd  helow  1,000  feet, 
(lenerally  the  lower  locality  has  the  larger  nnnd)er  of  rays,  to  which  there  are 
several  notaiile  exceptions,  Lake  Washington  and  Snake  Kivcr  at  Payette.  The>e 
facts  can  he  pn^sented  in  cnrves  for  gnnips  of  localities. 

Takinir  the  specimens  from  the  diflcrcnt  gronjks  of  localities  we  ohtain  the 
l<dl<)wing  : 


K  lev  at  ion.  Feet. 


Number  of 
Loralltic?. 


NuiuIkt  of 
JSpciiiuMis. 


Kxtont  «»f 
Varijitioii. 


(teiicral 
Aver  aire  oi 
Ann  I  Hny.-. 


1  to  T.')!) 

1.U7H  -o  2,0U0 

2.fK)l  to  ;i,l(HV 

.'),«)()()  to  


1-' 

s 

1 


ls«» 

:ks 

10 


11 

10 
10 


1S.4 

1  •"..•; 
17.:. 
ir» 


Whether  we  consider  the  nnmher  of  hrralities  having  a  hijrh  average  of  ray? 
or  whether  \\\'  consider  the  avcrag<*s  of  all  llu"  specimens  from  a  similar  horizon, 
we  tind  that  the  large>t  nnmher  (►f  rays  i>.  fonnd  in  the  lower  horizon.  Fnrther- 
nion*,  the  extent  of  variation  for  the  1S1>  -prcimt'iis  from  1  to  7'>()  feet  l^  «r»vater 
tiran  the  variation  lor  'I'M  an<l  'iSS  sju'cimens  of  the  liiL'hcr  horizons.  The  varia- 
tion for  these  thrt'c  horizons  is  j;iv<*n  in  tin-  three  cnrves  of  tignre  li. 

In  the  above  we  have  con^^idtMcd  the  Idealities  n-i'anlless  of  the  sv«»tem  to 
which  they  hel«»ni;.  Lake  Washinirton  anil  the  Newancnm  and  Sk«ioktimchnck 
rivers  belong  to  -separate  sh(»rt  wat<*r  eourses.  Kliminatin;r  these  an<l  considering 
the  localities  of  the  I'razer  and  of  the  t'oliimbia  svstems  >enaratelv  we  iret  the 
condition>  describe*!  f«>r  the  Krazer  vvsicni  above  and  for  the  (\dnmbia  sv<tem  tin- 
followinjr  — arranirinir  the  localities  in  the  order  ol  eb'Nati<m  : 
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L«*rALITY. 


vio-..     Av.N«). 
Hon      «f-^'»'^» 


J.OCALITY 


i:*!^....     Av'.No. 
H^n      «f  Anal 


<>io*tilla  .  .  . 
Wallala  .  .  . 

Lewiston 
P«n4]eton. 
Tftkim» .     . 
CoUille .... 
PotUt«h 
Revelstokft  . 
Little  S|»okan« 
^p4)kAne  .  .   . 


•      •      ■      • 


mi  1 

li» 

, 

:aV 

1« 

.  ;*  i. 

750 

•JO 

1,(170  , 

It),. 

1,078  ' 

17 

1 

1,200  ' 

1«> 

1,200  , 

19 

1 

1,475  , 

■15 

1,850 

15 

1 

1,010 

16 

f 

Hangman  Croek , 

Pendd'Oreillo 2,000 

Small  Creek !     2,1«0 

Payette         

Snake  River 

Calilwell.      .   .  ...   .  . 

(i  olden 

La  Grande 

Flat  Head. 

Brown's  Guloh   ...... 


1.9K' 

17 

2,000 

1(> 

2.H0 

17 

2,150 

18 

r^ 

•JO 

IS 

2/)50 

Irt 

2,550 

lii 

3,UX> 

17 

5;i44 

H> 

"•Only  t>ne  specimen. 

."^iiniiiiarizin^  this:  Below  l.(MK)  tVfl  the  iiverage.s  are  \\)  anti  20;  ahove  1,(K)0 
feel  only  luie^iyeragi's  20,  only  one  reaches  li),  two  reach  IS,  four  have  17,  wven 
have  16  and  two  have  15.  These  figures  ''are  not  so  unaniiuouH  in  their  indiea-^ 
tion>"  of  a  <ieere:ise  of  ravs  with  an  increase  of  altitude  as  those  for  the  Fra/.er 
HVjfieMi.  But  the  lower  locality  jjenerally  pogsesseH  a  higher  nuniln'r  of  rnys.. 
Here,  where  we  have  data  from  many  widely  separated  hrant'hes,  a  close  varia- 
tion  of  rays  with  altitude  is  not  found.      luteal  issues  have  modified  national  ten- 

deneies  among  these  tishc^  in  the  Cohnnhia  system. 

*'"'•■'  .  .  *  .  .  "       .' 

Among  the  locality  curves  (figures  4  and  following)  the  ideal  curve  is  most 

uearlv  approached  at  Caldwell.     The  variation  from  the  average  is  here  eijiially 
great  in  both  directions,  and  the  curve  of  the  ascending  variati(m  is  almost  iden 
tical  with  the  «Mirve  of  the  descending  variation      Nearly  as  ideal  conditions  art- 
found  at  Little  .Sp<»kane.  when*  the  extent  of  variation  is  mu<'h  smaller.     A  }jriini 
such  symmetry  or  approach  to  symmetry  is  to  he  expected  for  each  locality,   hut 

the  deviations  from  it  are  many  and  great.     The  nianv  shoulders  and  peaks  hy 

■^•'■""  .  •        .'  ■  .  '  '         *        .  *  .      ."  I        • 

Im'alities  from  which  but   few  specimens  have  bi'en  collecte<l,   indicate   probably 

nothing  so  much  as  the  lack  of  a  sufficient  numbA  of  spe(>inicns.     When  but  tcrv 

specimens  an*  examine<i,  each  specimen,  more  or  less,  makes  such  9,  vast  diflPere nee 

in  the  character  of  the  <*urve  that  the  localities  with  less  than  twenty  specimens^ 

may  l>e  dismisseil  witliout  further  notice. 

AMde  from  curves,  such  as  that  of  Little  Spokane,  where  a  certain  nundK*r  «>f 

rays  is  tlie  predominant  one,  we  have  curves,  such  as  that  of  the  Payette  River, 

where  the  numlier  of  siH»cimens  having  16,  17,  18,  19  and  20  rays,  is  nearly  e«|ual. 

Still  another  type  of  ciirve  is '  represented  by  the  curves  for  Lake  Washington, 

Ci)lville  and  Umatilla,  in  which  two  nuinbers  predominate,  with  the  intervening 

nnnibers  in  minority.     The  cionditions  aie  most  marked  at  Umatilla,  where  we 

have  two  incipient  varieties  with  18  and  21  as  the  predominatin    numlier  of  rays. 
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I  huve  given  at  the  outset  the  probable  causes  which  have  bn Might  uboiit  the 
great  differences  between  the  Pacitic  slope  iishes. 

We  must  look  to  other  causes  for  the  great  variation  between  8|>ecie»  of  un- 
doubted Atlantic  origin  and  especially  the  variation  in  the  same  species,  which 
reaches  its  culmination  in  Leuciwiu  halieaiv*  and  Agonia  nMla.  The  climatic, 
altitudinal  and  geological  differences  in  the  different  streams  an«l  even  in  the 
length  of  the  same  stream  are  very  great  oo  the  Pacific  s1o(k>.  To  these  difl*erent 
environments  we  must  attribute  the  c(»nditions  set  forth  in  the  present  papier  for 
Ijen4'lt*c^i8  hdUeatu*,  These  differences  in  different  localities  in  the  same  stream  can 
only  l>ecome  established  in  ncm-migratory  H|>eineb.  No  such  differences  are  to  In? 
ex|)ectcd  for  a  migratory  s|)ecies.  Isolation  for  the  sjiecimens  of  any  locality  when 
free  intermigration  is  possible,  seems  strange.  An  analogous  condition  is  to  be 
found  (m  the  Galapagocs  Islands.  Dr.  Baur  tells  me  that  islands  within  plain 
sight  of  each  other  harl>or  distinct  varieties  of  the  same  s|>e<'ies  of  birds  which 
could  readily  intermigrati\  but  do  not. 

This  raises  the  question  of  the  sort  of  influence  exerted  by  the  environment. 
Is  it  merely  selective,  or  is  it  directive?  Is  the  variation  promiscuous  and  in- 
herent in  the  8{)ecies,  or  is  it  determinate  and  forced  in  c*ertain  directi(ms  by  the 
environments?  The  latter  seems  to  me  the  Ijetter  way  of  reading  such  conditions 
as  are  represented  by  the  many  curves  which  show  a  greater  variation  towards  an 
increased  number  of  rays  than  towards  a  decrease  of  rays.  Here  the  variation  is 
not  promiscuous,  but  definitely  determinate.  See,  in  this  conne<rtion,  the  curve 
for  all  the  S]>ecimens. 

The  origin  of  new  varieties  is  admirably  illustrated  by  the  curves  for  Lake 
Washington  and  Umatilla.  In  these,  two  distinct  )>eaks  are  found.  While  no 
varietal  value  is  claimed  for  these  peaks,  isolation  of  members  of  such  |>eaks,  either 
physiologically  or  locally,  would  tend  t<»  establish  such  incipient  varieties  as 
species. 

EXPLANATION  OF   FIOURES. 

'i'he  vertical  lines  in  all  cases  stand  for  a  definite  numl)er  of  anal  rays.  The 
total  height  of  the  figures  represents  100  per  (?ent.,  and  the  height  of  the  curves  at 
any  (K>iut,  the  per  cent,  of  specimens  having  the  particular  number  of  rays  in 
the  aual. 

Fig.  1.  Curve  of  variation  for  217  specimens  of  Leuciseu^  hydropklax  from  the 
upi>cr  Snake,  and  825  specimens  of  JjeiicUcus  balticUvs  from  many  looal- 
ities,  ranging  from  1  to  over  5,000  feet.  The  two  series  of  speci- 
mens are  combined  in  the  broken  line  curve. 
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Fig.    2.     Three  curves  showing  the  variation  of  the  three  localities  represented 

from  the  Frazer  system : 
Griffin  Lake,  1,900  feet,  17  specimens. 
Sicamous,  1,300  feet,  58  specimens. 
Mission,  1  foot,  79,  specimens. 
Fig.    :>.     Three  curves  showing  the  variation : 

a,  of  234  specimens  from  1,000  to  2,000  feot  elevation; 

6,  (broken  line)  388  specimeuH  from  2,000  to  3  000  feet  elevation; 

e,  189  specimens  from  1  to  1,000  feet  elevation. 
Variation  of  99  specimens  from  Caldwell,  2,372  feet. 
Variation  of  23  specimens  from  La  Grande,  2,786  feet. 
Variation  of  70  specimens  from  Little  Spokane,  1,850  feet. 
Variation  of  79  specimens  from  Mission,  1  foot. 
Variation  of  154  specimens  from  Payette  River,  2,150  feet. 
Variation  of  26  specimens  from  Pendleton,  1,070  feet. 
Variation  of  16  specimens  from  Clear  Water,  750  feet. 
Variation  of  14  specimens  from  Brown's  Gulch,  5,344  feet. 
Variation  of  67  specimens  from  Small  Creek,  2,100  feet. 
Variation  of  47  specimens  from  Lake  Washington,  1  foot. 
Variation  of  22  specimens  from  Umatilla,  300  feet. 
Variation  of  21  specimens  from  Colville,  1,200  feet. 
Variation  of  18  specimens  from  Golden,  2,550  feet. 
Variation  of  13  specimens  from  Skookumchuck,  204  feet. 
Variation  of  11  specimens  from  Hangman's  Creek,  1,900  feet. 
Variation  of  12  specimens  from  Flat  Head  I^ake,  3,100  feet. 
Leueuicus  baUeatus  from  Mission,  thes{>ecimen  now  in  the  British  Museum. 
LeueiiMiUM  gUlif  from  Brown's  Gulch.  ' 

LeucUcHS  hffdrophhx. 

The  last  two  cuts  are  reproduced  by  permission  of  Hon.  Marshall  McDonald, 
U.  S.  (Commissioner  of  Fish  and  Fisheries. 
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<)b>4Ervatjoxs  Ui'on  S(»mk  Oklahoma  Plants.     \\\  E,  \V.  Olive. 


Tlie  botany  of  Oklahotuu  is  exceedingly  iuteretttlng,  because  this  territory  i» 
a  borderland  region  between  the  (Jray's  Manual  and  Western  Texas  Manual  re- 
gions. Until  about  five  yearK  ago  the  plants  of  this  district  were  but  little  known 
to  botanists,  and  the  results  of  recent  collections  discrlosi*  a  fiorH/rich  in  interest- 
ing forms.  Especially  valuable  is  a  '*Li8t  of  Plants  Collected  by  C.  S.  Sheldon 
and  M.  A.  Carleton  in  the  Indian  Territory  in  1891,"  publ^hed  as  contributions 
from  the  National  Herbarium  in  1892. 

The  months  of  July  and  August,  1893,  were  spent  in  and  about  Payne  Ciuinty, 
in  the  very  northeast  of  Oklahoma,  about  ninety  mile^^3outh  of  the  Kansas  fine 
through  the  Cherokee  strip  an<l  aoout  150  miles. \Yest  of  Arkansas.  This  is  in 
latitude  about  97°  west,  and  is  but  A  few  miles  ^)Uth  of  the  parallel  bounding  on 
the  north  Tennessee  and  North  Carolina,  so  thftt.  the  collections  were  made  just 
south  of  the  line,  of  the  extreme  southwestern  limit  of  (irfly'9.  Man.,  Gth  e<l. 
About  175  species  pf  Phanerogams  and  Pteridophytes  were  coUectipdy  about  sixty 
of  them  being  new  to  Messrs.  Sheldon  and  CarletcmV  lists,  most  of  these,  however, 
the  comuumer  pla^its,  and  thirteen  of  which  are. not  reported  in  Gray^s  ManuaL 
Of  this  thirteen  four  ^ire  not  included  in  Dr.  Coulter^s  Manual  of  the  Texas  Flora, 
nor  nine  of  them  in  his  Botany  of  the  Rocky ^louhtain  Region;  but  only  one  of 
the  thirteiMi  fails  to.be  reporte<l  in  aM  of  these  manuals  of  the  surrounding  re- 
gions. This  is  Oeiioihera  trlfida^  I^.,  «letermined  by  Prof.  John  M.  Coulter  and 
pronounced  by  him  "probably  ivt/-.  infeg}^oliay  Torr.  and  Gr.,  although  thei^pecies 
and  variety  show  various  stagi's  of  ^intergradation."  This  plant  was  somewhat 
abundant  in  euJtivate<l  fields  near  Cimarron  City. 

These  thirteen  plants  are  Taiinum  culyeinum,  Engidm.,  found  abundantly  on 
the  red  sandstone  r<»cks  outcropping  in  ravines  and  along  the  Cimarron  .River ; 
Galaetin  mdfig,  Michx.,  in  tlry  sand  along  the  river  banka  \  Araria  jUicinay  Willd.» 
abundant  in  the  sandy  woods;  OenotheixL  trifida,  L.,  var.  integ* i/olioy  Torr.  and 
Gray;  Ganrn  rUlowL^  Torr.,  showing  gradations  into  '* forms;"  Se»uviinn  Portviacn*-^ 
trtirtif  L.,  in  sand  along  the  saline  banks  of  the  river;  Cynoscindium  pinnntumj  D. 
C,  but  one  plant  collected  along  a  roadside;  Attter  /Ki/ew-K,  Ait.,  var.  </*vi<m7w, 
Hooker,  the  variety  not  in  (iray's  Manual,  very  abundant  in  rich,  sandy  grounds 
near  the  river;  nacchnn'A  ylutiiuum,  Pers.,  the  fertile  plant  conspicuous  by  its  very 
long  and  white  pappus  along  the  sandy  river  banks;  Enogonum  longifotium,  Nutt., 
on  dry  prairies;  Ofoperin  Dnimmondii,  Hook.,  near  Stillwater  on  rich  prairies; 
Desmanthns  Jamrtii,  T.  and  G.,  very  abundant  on  dry  prairies;  AphanoMephwii  m- 
Mim9in'mui»j  ?  D.  C  1  Professor  Coulter  thinks  this  is  probably  this  s|>ecies,  though 
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till*  fruit  if)  itnniatiire),  t'Ound  in  uhiiiulaiice  in  sun<l  and  in  the  river  bottoms; 
airl  MnmU'w  f««/t/«;'  Hook,  and  Grev.,  in  and  alon^  the  mucky  Imnks  of  n  pond 
near  Perkins.     This  niarsilia  was  t\v<»  to  three  inches  lar>2:er  than  the  tyj)e. 

Probably  all  of  thetie  thirteen  plants  ought  to  be  included  in  <iray'8  Manual, 
I)e4*nu6e  of  the  great  similarity  of  the  flora  of  this  region  to  that  of  southern  Kan- 
sas. The  climatic  and  geologic  conditions  are  furthermore  so  very  similar  in 
ImuIi  regi(m0,  and  this,  combined  with  the  fact  of  the  proximity  of  the  Cimarron 
and  .\rkansas  rivers,  flowing  southward  through  the  Territory  from  Kansas,  w'^uld 
tend  to  make  the  Horas  very  alike. 

If  it  is  trne.  as  has  lK*en  said,  that  the  Indian  word  Oklahoma  means  the 
•'home  of  the  red  earth,"  then  it  is  a  very  approj>riate  name,  sii'cc  the  tirst  thing 
that  strikes  the  traveler's  eye  is  this  redness  of  the  soil.  .\  large  part  of  north- 
eastern Oklahoma  is  distinguished  by  out-cropping  *'re<l  beds."  which  also  extend 
northwarti  into  several  counties  of  Southern  Kansas,  while  salt  marshes  and 
gypsum  hills  are  ass4H>iated  with  the  red  beds  in  both  regions.  Much  of  the  up- 
lands is  thus  distinguished,  while  the  lowlan<ls  are  very  sandy,  >ome  of  the  fertile 
riv«*r  bottoms,  however,  l>earing  a  rich  an<l  diversifieil  flora. 

Many  of  the  plants  collected  show  strikingly  the  transition  from  the  eastern 
to  the  western  plains  Hora.  Many  show  also  the  special  character^  peculiar  to 
the  plants  of  sandy  regions.  They  have  to  <'ontcnd  generally  with  an  adverse  en- 
vironment—  a  dry,  sandy  or  gravelly  soil — from  which  the  water  is  rapidly  drained 
away. 

Rainfall  in  this  extn>me  eastern  district  of  Oklahoma  isvxtrcmelv  lo(>al.  For 
example,  during  the  summer  of  1S1)3;  the  crops  abmg  the  river  Uittoms  and  in 
liniiteil  spots  on  the  uplands  thrive<l  under  the  influence  of  the  local  rains,  while 
but  a  few  miles  to  the  west,  about  (Juthrie,  the  corn  crops  were  much  injured  by 
the  drought.  The  flora  8<*emsto  reflect  su<*h  lo<'al  characleristi<-««.  The  »lrier  dis- 
tricts present  singularly  dwarfed  forms  an<l  show  the  gradual  assumption  of  pro- 
tective characters.  The  plants  are  "protected  a^rainst  t(m  rapid  transpiration  bv 
thit'kened  leaves 'and  epidermis,  sunken  stomata,  absence  or  nurrownc.o  of  leaves, 
or  an  unusual  amount  of  woolint.*S4  or  hairiness.'' 

There  is  excellent  timber  in  some  portions  of  this  eastern  part,  but  the  trees 
look  dwarfed  compared  with  our  Indiana  trees.  Then»  is  <|uile  a  number  of  the 
common  oaks — Spanish  oak,  post  oak,  but  most  abundant  in  the  uplan<l  n»duced 
,  forests  is  ^</m«/yiw  ?jif//*fl,  L  ,  the  dwarfed,  gnarled  ** black  jack."  Tberi' arc  some 
hickories,  black  walnuts,  tall  cotton-woods  and  ehus  along  the  river  and  creeks, 
the  4>lms  bearing  abundantly  largi>  bunches  of  mistletoe. 
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A  few  observatioHK  as  to  the  occurreiu*e  and  habitat  of  a  few  plants  may  be 
interet*ting.  In  the  rich  sandy  land  along  the  river  bottoms  the  commoneBt  shriibs- 
are  the  bntton-)>nsh,  or  CfpalatUhuji  oceidtnttUisy  L.,  StWingia  sylvaliea,  L.,  Rh^ut 
copaUinUj  L.,  and  others.  On  StiUinffia  was  found  an  ^£cu/fin/i  which  iias  not  l>een 
reported  on  this  host,  as  far  as  can  l)e  detennined.  Somewhat  abundant  in  simi- 
lar places  were  Argtnwne  platycei-att^  Link  and  Otto,  CaUirhik  involuerata,  (tray^ 
2>a/ea /aj:i///)'<Yi,  Pursh.,  Fnt'licli ut  jlondaiuij  Moi\.,  Lidigofefa  leptoi^epalay  J^xitt.,  iiud 
Aphanosteph tut  mwo«'*wiwiM^,  1).  ('.  In  wet  and  salty  sand  near  the  river,  werc^ 
IHtt'Chea  eiimphorata^  D.  C,  S*j<unii,ii  port uJ.(tcant rum,  L.,  and  in  dry  sand,  Cjfrh^oma 
pUthjphyUmHy  Mo«j.,  IkitxharU  ifhUiut)iWLy  Pers.,  and  Ikilea  tanatay  Spreng.  The  lat- 
ter is  reported  in  (iray's  Man.,  to  have  "lJ-4  pairs"  of  leaflets,  while  d-7  pairs 
were  more  usual  on  the  si>ecimens  collected.  On  the  high  bluH'sof  the  river  Yuceot 
anfiuttti/otia,  Pursh..  was  iK'casionally  met  with. 

In  the  woods  which  exten<l  back  from  the  river  bottoms  two  or  three  niiles^ 
are  Casifut  Chamncristny  H.,  and  C.  nictitam*,  L.,  or  "sensitive  plant,"  flowering 
especially  al>und:intly  during  .luly  aiui  August  ;  Clitoria  warinua^  L.,  Oaura  villoM, 
Torr.,  (Knothrru  biennu,  L..  var.  ffraaJijIora,  Lindl.,  a  beautiful  passion  llower, 
Pcumjlora  iiicarnatny  L.,  Liatris  stpmrrosa,  Willd.,  (.%ryitofMt{n  riiloWy  Niitt ,  in  many 
of  its  varial»le  forms,  Aftclepias  rt^rticillata,  L.,  and  A.  UeunphyUa,  Gray,  and  low 
shrubs  of  buckthorn,  BunieUa  kuitiffhiom,  Pers.  One  iK*rhaps  noteworthy  point 
was  the  occurrence  of  Ludnif/in  nlternifolia  in  sandy  but  jHrrfectly  dry  ravines, 
(iray's  manual  reports  the  habitat  of  this  as  "swamps." 

The  whole  prairie  region  is  characterized  by  an  abundance  of  plants  belong- 
ing to  the  orders  Ij*'ffiiinin*M*('  and  Cmiipmitu.  Particularly  abundant  on  the 
prairies  are  Pftalwtenwn  muUiHoru^y  Nutt. ,  /*.  rudarem*,  Mx.,  Amorpha  (nmescens^ 
Nutt.,  l)o*moiithnn  Jnmefiil,  T.  an<l  (i.,  Dalea  anrvfiy  Nutt.,  Stdidago  Mis8<inriensij*y 
Nutt.,  Hel'wnthiu*  inoUUy  Lam.,  Hierwinm  longipiluniy  Torr.  The  fact  is  signiticant 
that  of  the  175  species  collected,  38  were  I^fiuminomv  and  32  were  ComposifcP' 
Sabbatia  angfdnriif,  Pui*sh.,  .V.  fa#«/>o</ri«,  Nutt.,  and  Jiuchiu'm  Americana y  L..  give  a 
great  deal  of  color  to  the  prairies  during  June  and  July.  Linum* imlraiumy  Hi<ldell, 
Ctanotkui^  Ainericanuj<y  L.,  Jatropha  atimulosay  Michx.,  Euphorbia  eorotlatay  L.,  JEL 
petaloidea,  Eng.,  E.  marghiata,  Pursh.,  occur  on  the  richer  prairies,  VihWe  (Enolhera 
J/i.'<80«/ie«j»f>,  Sims.,  Houstonia  niujuHti/olWy  Mx.,  Stenonphon  virffatiuf,  Spach..  (ypun- 
tia  Miii:<oarirni*iy,  D.  C,  an<l  Gerardia  demaijloruy  IJenth.,  are  found  on  dry,  sterile 
prairies.  A  very  severe  ca.se  of  poisoning  was  incurred  from  collecting  Evphorbia 
cwdUitit,  L.  This,  1  believe,  has  been  mentioned  in  the  1V)tanical  Gazette  as  one 
of  our  |M.»isonous  plants. 
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A  verv  parailLie  for  a  cullector  of  a(|uatic  vegetation  in  a  large  shallow  poiul 
near  Perkins,  Oklahoma.  Several  Saffiitat^ioiiy  Nelumbo  LiiUOy  Pers.,  Potainogtton 
iuitaw,  Both.,  the  latter  growing  *' rarely  in  ponds"  (Gray's  Man.),  P,  hybndun^ 
Michx.,  are  most  abundant  throughout,  w^hiie  near  the  edges  Ileteranthera  linunfd, 
Vahl.,  Liudftigia  cylindrical  Ell.,  Herpej<tu(  nttuwH/olia,  Pursh,  and  Marsilia  re^titay 
Hook,  and  (»rev.,  grow  rife. 

At*  before  HUgge8te<l,  the  siieeial  interest  of  this  region  lies  in  the  fact  of  the 
meeting  of  two  florae  and  the  sometimes  abrupt  but  generally  gradual  trauhition 
of  one  into  the  other.  The  flora  ean  not  be  studied  comprehensively  except  by  an 
trxtende<l  perioil  of  field  work  and  <;arefully  noting  all  the  environmental  i-ondi* 
tions.  The  farther  went  one  goes  into  the  territory,  the  more  sandy  and  ilesert 
the  regions  l)eeome,  and  such  are  the  variations  from  some  of  the  more  eastern 
forms,  no  doubt  the  result  of  a  change  in  habitat,  that  many  are  classed  as  varie- 
ties. According  to  Mr.  Coville's  suggestions  in  his  **  liotany  of  Death  Valley 
Expe<Htion,''  the  shrul>s  and  trees  and,  on  the  prairies,  the  perenniaUj  should 
especially  be  noted  to  determine  characteristic  plants  of  the  flora. 

Grateful  acknowledgments  an*  due  to  Dr.  John  M.  Coulter  and  IVof.  K.  l\, 
Uline  for  kindly  determining  some  of  the  species  an<l  che<*king  most  of  the  list  of 
cone<'tion8. 


Redis<x)very    of    Hoy's    Whitk    Fjsii,    or    Moon    Eye.      Uy    Barton    W, 
evermann. 


Saxifraoac  F.K  JN  Indiana.     Hy  Stanley  Coulter. 

Represented  in  Indiana  by  nine  gi»nera,  as  follows:  Saxifraga  L.,  SuUivaviiti 
Torr.  and  Gray,  TiareUa  L.,  Mttelia  Tourn.,  Henc.hera  L.,  Parimmnia  Tr)urn., 
Hydrangea  Gronov.,  Philadelphus  L.  and  Rihen  L. 

The  representatives  of  Philadelphvs  are  evident  escapes,  and  their  inclinion  in 
former  lists  is  doubtless  due  to  the  youthful  ebullience  of  the  collectoi*s.  Both 
P.  uufdorus  L.  and  P.  (frandiftonis  L.  are  eastern  and  southern  forms,  the  former 
ranging  along  the  mountains  from  Virginia  to  Georgia  and  Alabama,  the  other 
along  streams  from  Virginia  to  Florida.  Both  are  of  easy  cultivation  and  em-ape 
readily  in  favorable  localities,  but  so  far  as  1  have  i-ecord  have  failed  to  maintain 
themselves.  Until  further  evidence  the  genus  and  included  forms  should  be 
excluded  from  state  catalogue. 

Saxifraga  is  certainly  represented  in  the  state  by  S,  PeiihKiflvatuca  L.,  which 
has  a  fair  distribution  in  the  central  and  northern  portions  of  the  state,  and  which 
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is  rei»rt'sonUHl  l>y  niinierotis  lu'rhariiiiii  s)>e<'iiiien>  Iroiii  this  rt'«^ioii.  Ponsibly  -S. 
Virf/inifu^iii  Miclix.  luny  l»e  ad(le<l  to  the  \iM.  Ikmii;;  rt'|M)rted  from  I>earlM)rn 
CVmiity  l»y  Dr.  S.  II.  Collins,  l>iit  ot  wliiih  I  liavt*  seen  no  speeiinen.  The  rnn^ 
does  not  make  it  im|M>ssihle  that  it  is  foun<l  in  the  State,  although  certainly 
rendering  the  determination  douhttiil.  The  }dant  is  ''northward"  in  its  abundant 
range,  though  f<Mind  in  Tennessee  on  the  authority  of  I»r.  <iattinger. 

Snllii'<intia  Ohionix  Torr.  and  (rrav  has  a  definite  hu-alitv  of  extreme! v  narrow 
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limits  on  a  limestone  clitl"  at  Clifty  Falls.  Jeflerxm  County.  From  this  point  all 
herbarium  specimens  have  eome.  It  is  n-pnrted  by  Dr.  C.  K.  llarnes,  from  near 
Washiuirtbn,  and  bv  Haird  an<l  Tavlor.  from  Clark  Countv.  ft  is,  however, 
certain  that  the  plant  does  not  o<'cur  in  any  abundance,  except  in  the  Clifty  Falls 
station.  Fn»m  »ny  own  ex|K'rience  in  attempting  to  extend  the  range  of  Sulli- 
vantia.  I  am  inclined  to  believe  that  the  localities  added  bv  Prot\»j<s<>r  Itanies  anil 
Messrs.  Baird  and  Taylor  were  from  an  incorrect  reference  of  immature  forms. 

The  plant  is  remarkable  f»)r  its  occurrence  in  widely  separati*  stations.      Although 
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the  manual  range  seems  broad,  an  examination  of  the  local  lists  ^hows  that  SulU- 
rniitia  Ohionia  is  entitled  to  rank  as  a  Kire  plant. 

Tianlhi  ntnUfitliu  L.  is  re]>orte<l  by  Dr.  I'hinney  in  his  lij*t.  which  embra«*eh 
ihc  <'(»unties  of  .lay,  Delaware.  Wayne  an»l  Kand<dph.  I  have  seen  no  Indiana 
specimens  <»f  this  form.  The  sixth  edition  of  the  manual  includes  Indiana  in  the 
rang<'.  which  reads,  *'/»/W»,  mckij  uhxmIk,  AV»/-  Emjlaml  to  Mnni*:.ioto  m^l  Imiiana  and 
muthward  in  the  mo«/*/«/«j<."  Whether  the  inclusion  of  the  form  is  based  upon  Dr. 
Phinney's  re]K)rt  or  n<»t,  I  am  unable  to  state.  The  habit  of  the  j>lant  would  lead 
to  its  occurren<*<',  perhaps,  in  this  particular  region,  if  it  exten<U  so  fur  south- 
ward. Dr.  Phinney  reports  it  as  "common"  in  ri<-li  woods.  The  state  catalogue 
gives  the  plant,  referring  it  to  St.  Joseph  County,  but  not  giving;  authority  for  its 
inclusion.  The  form  is  one  of  great  interest,  and  cHbrts  shoubl  l>e  made  in  the 
<lirectinii  of  its  rciliscovery. 

MItclla  diithi/lh.i  L.  is  fairly  well  distributed,  being  espeiially  abundant  in  the 
4*entral  an<l  eastern  counties.  It  is  definitely  reported  from  the  following  counties 
Jefllerson  and  Clark  in  the  s(mth,  Nobb*  in  the  north.  Putnam  in  the  lentral,  and 
Jay,  Delaware.  Kand(dph  and  Wayne  in  the  east.  It  also  oceur>  in  relative 
abun<ianc«'  in  Tippecanoe.  It  is  not.  however,  reported  from  the  southeastern, 
southwestern  or  western  counties.  Ii>  mass  distribution  i«<evidentlv  in  ilKMvntral 
and  eastern  regions  of  the  State. 

Jl'-'ichirn  is  repn*sente<l  by  three  species,  litlnsa,  Ainericnim  and  hispidn. 

11.  villoAa  Mich-Y  •'^  reportctl  only  from  (lark  County.  It  was  first  collecttMl 
bv  Dr.  ('.  R.  Barnes,  whose  determination  of  the  form  is  verified  by  sptMMtneiis  in 
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the  Punlue  herbarium.  It  was  afterward  reporte*!  from  the  same  region  l»y  Baird 
-iud  Taylor,  wiio  seem  to  have  made  no  Hpecimens.  No  notes  are  at  hand  conicern- 
in>r  the  abundance  of  the  form  in  this  single  station  and  nothing  e(»iieerning  the 
local  conditions.  The  extension  of  the  range  of  thi8.8|)eeies  from  *' Rocks,.  Md., 
tM  Kentucky  and  southward,  in  and  near  mountains"  of  the  Fifth  E<lition  of 
Manual,  to  '*K(»cks,  Md.,  to  Georgia,  west  to  Indiana  and  Missouri,''  of  the  Sixth 
E<lition,  is  doubtless,  so  far  as  Indiana  goes,  based  u)>on  this  (-(dlection  of  Dr. 
Barnes. 

The  extreme  paucity  of  notes  accompanying,  serve  to  emphasize  certain 
features  of  the  pajKT,  which  I  had  the  honor  to  present  to  the  Academy  last  year. 
Beyond  the  mere  fact  of  the  ''Station"  whivb  migiit  tiiean  any  point  in  an  ent.iri^ 
i**Minty.  nothing  definite  is  known  c<mcerning  this  plant,  which  is  rare  at  least  ijgi 
the  state. 

//.  Amerlnina  L.,  is  much  more  abundant  and  more  generally  distribute<l  than 
either  H.  vUlimKi  or  Jf.  hUpidUy  indeed  with  perhaps  the  exception  of  Rihen  and 
II}fflraiiff€it  the  most  marked  mendier  of  the  family  in  the  state.  It  is  definitely 
rep«»rted  from  twelve  (12)  counties  and  is  probably  f<uind  in  all  parts  of  the  state. 

If.  hmpida  Pursh  has  been  c(dlecte<l  from  Vigo  County  by  W.  S.  Hlatchlev 
and  his  determination  is  verified  by  a  specimen  in  the  DePauw  herbarium.  I 
have  made  wu  critical  study  of  the  form  and  am  not  able  to  pass  upon  the  accuracy 
^»f  the  reference.  The  range  of  this  spifies  is  somewhat  strange.  Its  home  seems 
to  Ih'  in  the  mountains  of  Virginia,  it  is  a1s(»  reported  from  Illinois  by  Dr.  Mea<l, 
from  which  point  its  range  is  northwestward.  We  now  si'em  to  have  an  interven|- 
ing  station  in  I n<liana,  somewhat  the  more  remarkable  a>  occurring  in  the  low- 
lands of  the  state. 

PnrnnMia  Carolinann  Michx.  occurs  in  the  n<»rthern  part  of  the  state,  being 
reported  from  Noble  Countv  bv  Van  (ionler  and  K<)Sciusko  bv  W.  S.  Hlatchlev, 
the  l.-itter  collection  being  in  the  IVPauw  herbarium.  The  region  reporie<l  is  the 
one  in  which  the  form  wouhl  be  expected  in  our  state.  Its  range  would  probably 
Ik*  found  to  c<»ver  most  of  our  northern  counties,  if  invest igatious  were  made 
<lnring  .July-September. 

IIydran«i(:a  arborf^ren*  L.,  as  far  as  our  present  knowle<lge  goes,  seeuis  to  be 
fairly  abun<lant  froui  northern  central  counties,  southward.  It  is  not,  however, 
re[)orte<l  from  the  northern  tier  of  counties,  although  it  may  occur  in  favoraiile 
localitie.-. 

Rihcit  is  c»ur  most  im]>(trtant  genus.  n(»t  <uily  in  number  of  >pecies.  but  also  in 
individual  representatives.  Six  s[K*cies  are  reported  as  occurring  within  our 
limits. 
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R,  cynoi^taii  L.  is  our  most  common  form  and,  probably,  is  to  l>c*  t'oumt 
throughout  the  state,  with  the  exception,  perhaps,  of  the  extreme  southwestern 
counties. 

R,  ijracUe  Miclix.  is  reported  <letinitely  only  from  V^igo  County,  by  W.  S. 
Blatchley,  his  plant  being  found  in  DcPauw  herbarium.  It  is  probable  that  some 
forms  reporte<l  as  Jl.  rotandi/oliiim  Michx.,  by  earlier  collectors,  may  be  referred 
to  this  form. 

It.  rotundlfolvum  Michx.  is  reported  from  JeflTerson  County  (J,  M.  C. )  and 
Clark  County  (B.  and  T. )  No  herbarium  specimens  of  these  collections  are 
available.  It  is  probable,  however,  that  thivS  species  does  not  occur  within  the 
state  and  that  the  forms  should  be  referred  to  R.  gmeile^  ntiundi/olium  being  an 
eastern  and  mountainous  form  extending  from  western  Massachusetts  and  NeV 
York  south  to  North  Carolina,  following  generally  the  Allegheny  range.  It  is 
probable  that  R.  rotundi/olium  will  have  to  be  excluded  from  the  state  list. 

R,  ozyaranthoidett  L.  is  reporte<l  foni  Noble  (Van  (J.),  Jefferson  (J.  M.  C. )  and 
Clark  (B.  andT. ).  Though  no  herbarium  specimens  have  yet  l>een  seen,  the  form 
doubtless  occurs  in  the  state.  Specific  reports  as  to  its  occurrence,  with  confirma- 
tory specimens,  if  possible,  are  greatly  to  be  desire<l. 

R,  Jioi'idurn  L'Her  is  reported  from  Noble  to  Jefferson,  through  the  eastern 
counties  of  the  State;  it  is  not  reported  from  western  or  s<  Kith  western  counties. 
While  no  herbarium  specimens  have  yet  come  to  my  notice,  it  is  doubtless  a  mem- 
ber of  our  state  flora.  The  lat«st  stations  are  Montgomerj'  County,  near  a  swamp 
(single  station  E.  W.  Olive),  Madison  County  (Walker). 

R.  rubnnn  I^  var.  tfuhglaiuhdosum  Maxim,  is  reported  from  Clark  County  (B. 
and  T.),  and  Jefferson  (J.  M.  C).  No  herbarium  specimens  have  been  examined. 
The  manual  range  includes  India<ia  sfKvifically,  an  addition  in  6th  ed.,  probably 
based  upon  this  citation. 

It  is  remarkable  that  of  the  sixteen  s|)e<'ies  representing  this  family  in  Indiana 
(excluding  two  s|)ecies  of  Phila<lelphu8)  «even  are  of  extreme  interest,  either  bi*- 
cause  of  their  rarity  or  because  of  their  extending  previous  ranges. 

Thev  are  : 

Saxi/ra^  Virgin ieruswy  Michx.     [Not  authenticated.] 

SuUirantia  OhionitSj  Torr.  and  CJray. 

TiareUa  cordifolia^  L. 

Heuchera  viUoM^  Michx. 

Heuchera  hispidaj  I^irsh. 

Pamassia  Cardiniana,  Michx. 

Ribes  rubrunij  L.,  var.  subglandulotfum^  Maxim. 
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Careful  search  should  be  made  fur  these  exceptional  forms  in  various  l<K-aIi« 
tiets  ^i^^  ^^  '^^y  ^^^  where  they  are  ni>ted  prompt  report,  accompanied  by  veritie<l 
«}»eeiinen8,  should  be  made. 


ThK     KaNGK    of    the      WlA'K     Ash,     FrAXINITS    QUADRANCiULATA.        By    W.     1\ 

Shannon. 

In  (iray*8  Manual  of  liotany,  edition  of  1857,  we  have  given  as  the  range  of 
the  blue  ash,  Ohio  and  Michigan  to  Illinois  and  Kentucky.  This  is  nearly  equiv^ 
nlent  to  saying  that  Indiana  is  the  center  of  the  blue  ash  region.  I>et  us  look 
farther.  In  the  1S08  edition  of  (Jray's  Manual  we  find  the  range  given  as  Ohio 
to  Wisconsin,  Illinois  and  Kentucky.  Again,  in  the  edition  of  1887,  it  is,  Ohio  to 
Michigiin  an<l  Minnesota,  south  to  Tennessee.  In  Wood's  B<>tany,  186S,  we  find, 
Ohio  to  Tennessee  and  Iowa.  In  Sargent's  Forest  Trees  of  North  America  we 
find,  Michigan  and  Wisc<msin,  south  to  northern  Alabama.  In  Apgar's  Tre*-*  of» 
the  Northern  United  Slates  we  find,  Wisconsin  to  Ohio  and  Kentucky. 

Putting  together  all  of  these  definitions  of  the  range  of  the  blue  :ish  we  ron-^ 
elude  that  in  going  east  from  Indiana  the  tree  disappears  before  we  get  thri>iigh 
Ohio;  in  going  north  it  disappears  before  we  get  through  Michigan;  in  going 
northwest  we  fintl  it  beyond  Illinois  in  Wisconsin,  Minnesota  and  Iowa,  and  that 
it  is  very  rare  in  Iowa  and  Minnesota;  in  going  southwest  it  disappears  some-^ 
where  in  Illinois;  in  going  south  it  becomes  rare  in  Tennessee  and  disappears  in 
northern  Alabama.  When  we  take  into  consideration  the  great  prairies  of 
Illinois,  we  see  that  Indiana  is  yet  the  center  of  the  range  of  the  blue  ash.  There 
is  a  northwestern  extension  around  the  prairie  region  through  Michigan  and 
Wisconsin  to  Minnesota  and  Iowa,  and  a  southern  extension  through  Kentucky 
and  Tennessee  to  Alabama. 

It  would  l>e  difficult  to  w<irk  out  the  barriers  that  hold  this  tree  cU)^  to 
Indiana.  The  ]>urpose  of  this  paper  is  this,  to  call  attention  to  the  fact  thai  if 
anv  forest  tree  deserves  to  Ik^  called  the  ''Indiana  tree"  it  is  the  blue  ash.     Its 

m 

range,  when  compared  with  that  of  other  trees,  is  a  small  spot,  and  Indiana  is  the 
center  of  this  »\xit.  If  this  is  an  In<liana  tree  we  would  like  to  know  its  character 
when  compared  with  other  trees.  It  is  always  characterized  as  growing  in  rich 
S4>il.  When  a  boy  I  heard  my  father  say  that  he  thought  the  blue  ash  the  most 
beautiful  tree  of  the  forest.  Frequently  on  looking  at  a  large  blue  ash,  I  have 
thought  of  the  truth  of  his  judgment.  From  its  light  colored  bark,  with,  some- 
times, an  imaginary  blue  tinge,  and  long  straight  stem,  it  contrasted  strongly 
with  other  trees,  so  that  the  blue  ash  trees  were  bright  streaks  in  the  forest. 


108 

Anions  the  pioneers  of  Indiana  this  tree  was  the  choice  stick  for  the  rail 
fence,  owing  to  its  dnrahility  and  its  btMng  easily  split.  A  hoy  could  make  rails 
<»f  the  blue  sish  and  a  woman  could  split  blue  ash  stove  wood.  Hence  the  blue 
ash  soon  disappeared  as  a  larp^e  or  even  medium-sized  forest  tree.  As  meml>ers 
of  the  original  forest,  they  are  all  gone  but  the  scrubs.  Unlike  many  other  forest 
trees,  the  blue  ash  is  making  fair  headway  towards  reestablishing  itself.  It  is  an 
abun<lant  fruiter,  and  we  fre<|uently  tin<l  a  young  tree  that  has  escaj»ed  the  kind 
of  civilization  enforced  bv  cattle  and  dean  farmers. 


BOTANKAI.    I*ROl)irTS  OF  THK    UxiTEI*  StATF>*    Pif  ARMACOIMKIA,  ISlM).       By  JOHN 
S.   WRKillT. 

fABSTHACT.J 

A  large  number  of  the  official  organic  drugs  are  plant  products.  The  revisers 
'of  the  United  States  Pharmacojxeia,  1S90  (published  in  1894  an<l  in  effect  until 
1904),  admit  i)lant  products,  such  as  fruits,  leaves,  stems,  underground  portions, 
inspissated  jui<'es,  resins,  gummy  exudatii>us,  products  of  distillation,  and  other 
materials  of  vegetable  origin,  representing  '282  species,  1S6' genera,  and  73  natural 
orders. 

Since  the  pharmacop«eia  list  of  <lrugs  is  otlicial,  much  care  is  exercised  in 
making  admissions  t(»  it.  Long  and  general  use  is  usually  necessary  to  <lemon- 
strate  the  elaim  of  a  plant  or  any  of  its  products  to  recognition  in  this  work, 
which  is  the  guide  to  druggists  of  the  Unite<l  States. 

Only  occasionally  does  an  entire  plant  become  an  (iflicial  drug,  strictly  speak- 
ing, thai  part  ouIn  is  official  which  is  mentioned  by  the  pharmacoiMeia;  thus  we 
have,  under  the  title  CAi»si<r.M :  "Tfie  fruit  of  Capfdcum  faMiymtum  Blume;"or 
as  under  ALoF>i,  Scm'OTRIXK:  "The  inspissated  juice  of  the  leaves  (»f  AUk'  Penyi 
Baker."  In  tiie  former  case  it  is  the  fruit,  an<l  in  the  latter  the  inspissated  juice, 
only,  of  the  plant  mentioned,  which  is  oHicial.  In  s<mie  cases  several  parts  or 
products  of  a  plant  are  extensively  employe<l  in  medicine,  and  may  even  be  gen- 
erally recognized  in  dispensatories  and  kin<lre<l  works,  though  only  one  of  these 
may  be  i>tbcial;  for  instance,  the  tuln'rs  and  leaves  of  Aconite  (  Arfmitum  Sajyeilus 
L. )  are  each  recognized  as  medical  agents,  yet  the  tuber  is  alone  official. 

With  this  conservatism  on  the  part  of  the  revisers  of  the  pharmacopa'ia,  it  is 

found  that  nearly  every  otlicial  drug  is  nf  positive  value  in  nu-dicine,  and  further* 

that    the    otlicial   list    is    very    much    smaller    than    any  other    general    organic 

^Irui:  list.      As  before   stated,   the  otlicial  list  includes  products  representing  •2ii2 
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sjH-fiesof  plantH,  while  mcist  others  will  approach  70(1  to  1,<KX»,  an<l  one,  esjiecially, 
includes  the  prtKliicts  of  2,465  8i>efie8. 

The  2.*}2  species  yieUiing  otficiol  drugs,  with  seven  exceptions,  belong  to  orders 
**i  tloweriqg  plants,  and  most  are  plants  which  have  l>een  long  known;  in  pr(»of 
t>i  this,  we  find  that  many  have  been  named  by  the  earlier  botanists,  Linne  bein^ 
the  original  author  of  the  names  of  182,  over  half  of  the  entire  nnmk>er. 

The  seven  H|)ecies  which  do  not  belong  to  the  flowering  [>lants  represent  six 
jn*nera  and  five  families,  as  follows:  ' 

NATIRAL   ORDKB.  GESl*8  AN1>  SPKCU-i*.  *         COMMON  NAME. 

/>>'i/o/>/e/i«  Fi'w'-Jiioi*  (  L.)  iSi'hott/    ) 
riiJr'Es*    ....  *  ,  '       Aspidium. 

Dnjoptenti  margniaiU  (  L. )  A.  (tfay,  ) 

Choudrw  crUpuSy  Stackhoiise,  ) 

<li<iARTiXF.-K  .....  >       Chondrus,  Irish  Mo«is. 

(riffurtina  nmmi7/o*'«,  .1.  Agardh,      j 

LicHKNES    .    •    .    ,  Cetraria  i)*iandic(i  {!.,)  AvhiirhiH,  Cetraria,  Iceland  Moss. 

Lycopodia<'E.k  .    .  Lycopodium  cfaixitnm,  L.,  Lycopodium. 

PvRENOMYi'ETES    .  Ciuvicepn purpurea  [Fries. )  Tiilasnc,        Krgot. 

Of  the  onlers  of  plants  represented  by  the  official  drugs,  only  the  following 

five  furnish  ten  or  more  species: 

1.  J^eguminosse  .    .    17  s(>ecie8 12  genera. 

2.  C'omposittt* 1<>  sjiecies  ...    14  genera. 

'\.     LabiatH* ll>j»l»ecies *.>  genera. 

4.      Lilia<*eK' 11  s|>e<'ies  ...  K  genera. 

•'».     RosadiH    .    .        .  10  species  .    .  •'»  genera. 

The  other  165  species  are  very  evenly  distributed  among  the  remaining  <»8 
natural  orders. 

Of  the  232  s|>ecieM  of  plants  which  yield  otKcial  drugs,  there  are  f<»und  in 
North  America,  either  as  indigenous,  adventive,  eommonly  <*ultivated  or  es<*aped 
fn>m  cultivation,  134  s[»ecie.s  l)elonging  to  1 10  genera  an<l  5i)  natural  orders.  Of 
this  numlK»r  there  are  in  Indiana  75  species  repn'senting  OS  genera  and  47  natural 
onlen*. 

The  table  and  statistics  Ixdow  show  the  actual  and  relative  nuudK'rs  of  ]dants,^ 
pr*Mlueing  official  drugs,  found  in  North  America  and  in  Indiana: 


NATl'RAL  ORDERS.  GENERA.    ,    SPE<It>. 


Entire  numl>er 73 

In  America 51) 

In  Indiana 47 


ISti 

232 

110 

134 

I5S 

75 

Of  t<»tal  numWr  of  s(>ecie8  Indiana  has  :/,\r,  or  a1>out  A. 

Of  total  nuiD)»er  of  genera  there  are  represented  in  Indiana  |Y«t  ^^  sl\muX  }. 

Of  total  number  of  natural  order>  there  are  represented  in  Indiana  i^,  (»r 
altK>ut  i|.  N 

Of  American  spec^ies  (as  detine<l  above),  Indiana  has  ff^,  or  about  ^. 

Of  American  genera  there  are  repretiented  in  Indiana  ^ff^,  or  alK>ut  ^j. 

Of  American  familieK  there  are  represented  in  Indiana  ij,  (»r  about  i. 

lielow  is  given  a  list  of  plants  found  in  Indiana  which  produce  official  dnig». 
Thf  :i(!ti(»n  and  usi*  of  the  drug  al.<M»  are  given.  For  convenience,  the  plants  are 
liflitHl  :ilplial)etically  under  their  natural  onlers,  which  also  have  an  alphal>etical 
-arnni^iMncnt. 
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NOTKWORTHV    PHANEKOfiAMH   OF    INDIANA.       HvStaNLKY    ("cHI/l  KII. 


Mktiiods  of  Infiltratin(j  and  Stainin*;  in   toto  the  Hkads  of  Veknonia. 
Bv  K.  H.  HEAroc'K. 

In  beginning  a  study  of  the  developiiient  of  the  ciiihrvt)  sue  of  Veriioiiia,  two 
(liHiculties  at  once  present  themselves.  The  first  is  to  properly  stain  the  hea<l  in 
toto.  and  the  second  to  infiltrate  with  paruffine  so  as  to  l»e  able  to  sii'tion  properly. 

The  form  is  an  ordinary  composite,  having;  twenty  or  more  flowers  in  each 
head.  The  ovary  is  surrounded  by  a  thick,  s<did  integument  several  layers  of 
cells  deep,  and  the  difficulty  lies  in  |)enetraiin^  this  coat. 

Hefo re  staining  or  infiltrating,  all  parts  of  the  head  ab<»ve  the  achenes  were 
cut  off',  thus  securing  a  smaller  body  and  a  more  ready  penetration.  Heads  dehy- 
ilrated  by  \H)  per  cenl.  alcohol  were  washed  oul  in  distilled  water,  the  water  being 
frequently  changed,  until  they  sank  to  the  lu»ttom  of  the  vial.  They  were  then 
stained  for  seventy-two  luuirs  in  alum  coi'hineal  (Czoker's  Formulae).  When  sec- 
tioned thev  showed  but  a  faint  trace  of  stain.  Heads  dehvdrated  bv  al>s4dute 
alcolxd  and  stained  for  seventy-two  hours  in  borax  carmine,  Kleinberg's  and 
I>elartel(rs  luemaloxylins  j^ave  no  better  results. 

Heads  which  had  l>een  dehvdrated  bv  absolute  alctdiol,  washed  out  in  <lis- 
jli!i«-i|  water  and  stained  for  seven  (lays  in  alum  cochineal  (Cjtoker's  Kormuhe) 
irave  jrotnl  results.  The  general  tone  of  the  stain  is  dim,  but  under  high  power 
the  <lifl'erentiation  is  verv  fine.  Heads  dehvdralfd  bv  absolute  .nlcolud  and 
stained  for  seven  davs  in  borax  carmine  gave  verv  fair  results.  Thest*  results 
point  to  the  fact  that  with  long  time  treatment  the  hea<ls  may  be  suci'essfully 
staine<l. 

The  second  iliflieulty  :  infiltrating  with  parafline.  The  first  medii'um  usi^'d 
was  turpentine.  Heads  dehydrate<rby  1)6  per  <'ent.  alcohol  were  ]»lace<i  in  tur- 
jjentinc  for  twenty-four  hours,  then  into  a  mixture  of  one-half  turpentine  and 
one-balf  ])araffine  for  twenty-four  hours,  ihcuce  into  pure  parafline  (4.^"^  C. )  for 
twenty-four  to  forly-<*ight  hours.  On  sectioning  the  sections  were  found  to  tear 
out  in  the  center,  thus  proving  that  paralline  had  not  rearhed  the  lu-nter  of  the 
head.  Heads  dehydrated  by  absolute  alcohol  were  given  the  same  treatment.  In 
(his  series  the  small  heads  showed  an  improvement,  but  still  the  normal  sized 
beads  were  !U)t  properly  infiltrated. 

The  next  me<lium  us*'d  was  a  mixture  consisting  of  on<*-half  cetlaroil  and  one- 
half  xylol.  Heads  dehydrated  by  absolute  alc<)lu»i  were  placed  in  {\\\>  medium 
(or  twentv-four  hours,  then  into  a  mixture  of  one-half  the  medium  and  one-half 
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pamffiiH*  f<ir  t\vt»iity-four  hours,  then  intt>  pure  pjinirtinv  (48°  ('.  >  f<»r  twenty-four 
hfiiirs.  On  liein^  sectioned  this  material  showed  hut  little,  it'  »n,v,  improvement 
^»v»T  the  material  treated  with  turpt*ntine. 

The  next  medium  used  was  xvlol.  Heads  dehvdruted  hv  ahs<»lute  aleoliol 
wen'  place<i  in  xylol  for  twenty-four  hours,  then  into  h  mixture  of  one-half  xylol 
an«l  one-half  paruHine  tor  twenty-four  hours,  then  into  pure  paraffine  (48°  C.)  for 
tw«'nty-f<»ur  hours.  When  sectioned  on  a  IleidellK^r^  microtome  the  heads  were 
fiitind  to  Ih*  well  intiltrated  and  made  tine  rihhons.  A  series  of  ex|>eriment8  wa«i 
then  lie^un  on  heads  dehy<lrate<l  by  absolute  alcohol,  giving  them  shorter  time 
poriiKls.  Lt  was  found  that  heads  treate<l  with  xyhd  for  three  and  one-half  hours, 
then  to  a  mixture  of  one-half  xylol  and  one-half  paraffine  for  two  hour«i,  then  to 
pure  paratfine  (48°  ('. )  for  two  ami  <me-half  hours,  were  infiltrate<l,  and  scH'tiruied 
just  as  well  as  heads  which  ha<l  had  the  extended  time  treatment. 

The  <*onelusions  to  Ix*  drawn  seem  to  he,  tirst,  that  large  heads  of  composites 
may  In*  staincMl  successfully  in  toto,  hut  to  insure  success  a  long  time  is  necessary. 
Incidentally  it  may  l>e  said  that,  so  far  as  tests  ma<Ic  have  gone,  alum  C(»ehineal 
irives  de<"idedly  the  i)est  <liff*erential  stain. 

Si'cond,  that  successful  infiltration  can  l)e  made  in  a  time  as  short  as  eight 
hours  l»y  the  use  of  xylol,  a  longer  treatment  l>eing  unnwcssary.  That  a  treat- 
ment with  turpentine  and  a  mixture  of  cedar  oil  and  xylol,  as  far  as  Vernonia 
i^  concerned,  gives  unsuccessful  results  with  the  normal  sized  heads.  (!e<Iar  oil 
alone  was  not  tried,  nor  are  the  experiments  as  to  methods  yet  <"ompIeted.  They 
are  jriven,  however,  in  the  hope  that  suggestions  may  he  made  that  will  extend 
their  scope  ami  lead  to  more  definite  conclusions. 


KmHRVOL<m;Y   of   THH   KANlNCrLACKAK.       By    1 ).    W.    MOTTIKR. 


(  KKTAiN  Chemical   FEATURtis  ix  tiik  Sekds  of  PLAXTACio  Vircjink  a  and  V. 

l*ATA<.ONirA.       I»Y    AlIDA    M.    CfXXIN(;1I AM. 

In  the  study  of  the  genus  PlanUufo,  to  ascertain  the  value  ol  seed  characters 
in  determining  sjiecitic  rank,  the  |)eculiarities  hereinafter  des<Tibed  were  noticed 
as  among  the  results  of  some  of  the  ex|>eriments.  These  results,  in  themselves, 
arc  perhaps  of  little  or  no  value  in  determining  the  question  under  investiiration, 
yet,  tliey  are  so  closely  connected  with  the  experiments,  and  altogether  s(»  pecul- 
iar as  to  warrant  a  somewhat  extended  research. 
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In  the  study  of  tlu*  sei*<l  charneters  of  the  genus  PUintntio,  particular  atteiiiion 
was  given  to  outline  and  to  the  structure  of  the  see<l-<M)ai,  and  it  was  necessai  v  i<» 
make  cross-sections  of  the  seeds  of  each  species.  Preliminary  to  this  the  scimIh  n\ 
each  were  placed  in  water  for  a  few  hours,  in  order  thai  they  might  he  more  i*:i^ily 
sectioned,  when  the  i»cculiar  development  of  a  hlue  color  in  P.  Virginia'  was 
noticed.  It  was  thought,  at  first,  this  might  he  due  t<^  some  suhstan(re  c«»ntained 
in  the  water  uwtd,  so  the  experiment  was  repeated,  using  distilled  water  witli  ilie 
same  unvarying  results. 

An  examination  ot  literature  sh<»wed  thnt,  in  all  probahility,  it  \v;in  a 
glucoside  allie<l  to  Indican.  This  was  further  rcndere<l  probable  because  >iicli 
substances  are  found  in  widely  separated  families,  as  Euphorbia  (inrtorin.  and 
Poly  gnu  u  m  t  in  doria. 

The  in<ligo  plant  is  destitute  of  color  until  treated  with  water.  The  broken 
and  bruise<l  plants  are  placed  in  vats,  covere<l  with  water  and  allowed  to  ferment, 
and  the  indigo  separates  from  the  plants  and  is  precipitated.  Indican  issohibir 
in  boiling  ether,  lM>iling  alcohol,  glacial  acetic  acid,  carbolic  aci<l,  petroleum, 
chloroform  and  hvdrochlori(?  acid 

The  si'e<ls  of  P.  Virgiuica^  when  dry,  are  golden  yellow  in  color,  an<l  the  »rn.vs 
section  showed  the  cell  contents  to  l>e  colorless.  Within  three  hours  after  Ikmuit 
jdaccd  in  water  they  had  turned  black  on  the  surface,  but  an  examination  «it'  a 
cross  section  showed  the  eell  contents  of  the  entire  seed  <*oat,  except  the  outer  r«>w, 
the  cell  contents  of  thecoiyle<lon8  and  even  the  cell  walls  to  be  a  bright  blue  colnr. 
Since  this  <-olor  was  (ieveK»ped  in  a  similar  way  to  that  by  which  Indican  is  pro- 
<luced,  the  tests  for  Indican  were  tried,  giving  the  following  results:  After  the 
color  had  been  developed  by  water,  thin  sections  were  placed  in  IH}  per  cent,  alco- 
hol and  l>oiled  for  ten  minutes  with  no  perceptible  change.  Si^ctions  were  boiU'd 
for  three  minutes  in  ether  without  any  change  in  color.  Others  were  kept  in 
glacial  acetic  acid  for  two  hours  with  no  change.  »Sections  were  kept  in  petroleum 
for  twenty-four  hours,  and  within  that  time  the  blue  color  was  destroyed,  leaving 
the  cell  contents  colorless.  The  blue  remained  unchanged  after  a  two  hours'  treat- 
ment with  pure  chloroform.  Sections  were  kept  in  carbolic  acid  for  two  hours 
with  no  perceptible  change.  Hydnwhloric  acid  destroyed  the  blue  color  within  ten 
minutes,  and  left  the  cell  contents  colorless.  After  comparing  these  results  with 
those  of  Indican,  it  was  found  that  this  blue  substance  in  the  seeds  of  Virijinicu 
resembles  Indican  in  that  it  is  developed  in  the  same  way  and  gives  the  same  re- 
actions with  nitric  and  hydrochloric  acids,  sodic  hydrate  and  petroleum.  It  dif- 
fers  from  Indican,  however,  in  being  insoluble  in  l>oiling  ether,  boiling  alcidiol, 
glacial  aectic  afitl.  carbolic  aci<l  and  chlor(»form. 
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In  order  to  dettTinine  whether  this  substance  was  insoluble  in  presence  ot" 
water,  «Irv  seeds  were  kept  in  cold  alcohol  for  twenty-four  hours,  and  during  that 
time  there  was  no  chanjije  either  in  the  color  <»f  the  seeds  or  in  the  cell  contents. 
The  seeds  were  taken  fn>ni  the  alcohol  and  placed  in  water,  and  within  three 
hours  they  ha<l  turned  black,  and  the  blue  was  developed  in  the  cells.  Dry  seeds 
were  placed  in  glacial  acetic  acid,  and  within  twenty-four  hours  they  were  turne<l 
a  li^ht  yellow  »'<dor  and  sei'tions  showetl  the  cell  contents  to  be  <Mdorless.  Thesis 
seeds  were  taken  Ironi  the  aci<l  and  kept  in  water  f(»r  twelve  hours,  and  during 
that  time  no  further  irhange  took  place.  Dry  seeds  were  placed  in  stnmg  ammo- 
nia, and  within  twelve  hours  they  had  turned  black  on  the  surface  and  the  cell 
contents  were  turned  brown.  After  this  treatment  with  ammonia,  the  seeds  were 
kept  in  water  for  several  hours,  but  no  further  change  was  perceptible.  The  dry 
seeds  were  kc|»t  in  pure  chloroform  f<»r  three  days,  an<l  during  that  time  they  re- 
tained  their  golden  yellow  color  and  the  cell  contents  also  remained  colorless. 
Then  they  were  taken  from  the  chloroform  and  placed  in  water,  and  within  three 
hours  they  had  turned  black,  and  the  blue  was  developed  in  the  cells. 

After  the  color  had  been  <lcveloped  by  water,  sections  were  treated  with  nitric 
acitl.  and  the  blue  color  disappearetl  imme<liately,  leaving  the  cell  contents  a  yel- 
lowish brown  color.  The  blue  was  turned  green  immediately  upon  being  trcate<l 
with  scdic  hydrate,  but  was  changed  to  blue  again  M'ithin  twelve  hours  after  being 
placed  in  glycerine.  On  account  of  the  small  amount  of  material  it  was  impos- 
sible to  carry  these  experiments  to  a  conclusitm. 

A  blue  substance  is  developed  by  water  in  the  seeds  of  /*.  Patiujoniai  also,  but 
no  chemical  experiments  were  made  ui)on  these  see<ls. 

P.  Virfflnira  and  P.  Pafar/oiuca  were  the  only  species  examined  in  the  genus 
I^<nUuf/o  which  showeil  this  peculiar  development  of  color. 

The  test  for  this  substance  in  the  indigo  plant  itself  was  made  upon  an  her- 
barium specimen  and  failed  to  produce  it.  The  indigo  plant  must  be  taken  at 
certain  stages  of  its  development  in  order  to  produce  In<lican,  ami  such  may  be 
the  case  in  PlanUujo  Vinjiniai. 


Hoot  System  ok  Po<JoyiA.     By  M.   B.  Thomas. 

The  genus  P(>gonia  is  a  remarkably  interesting  group  of  orchids  represented 
by  live  species  in  northeast  North  America  out  of  a  total  of  forty-three  in  the 
whole  genus. 

The  species  have  a  very  wide  distribution,  being  found  throughout  North 
America,  Africa,  eastern  Asia,  and,  to  a  very  limited  extent,  throughout  Europt-^ 
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Notwithstanding  the  wide  dixtrihiition,  the  s|H'ei€»M  seem  to  have  a  reinarkahly 
-similar  habitat,  and  conHequently  the  plants  show  a  very  striking  resemblance  in 
regard  to  their  strncture  and  adaptation  to  their  rather  peculiar  surroundings. 
The  plants  of  the  genuK  are  all  found  in  low,  damp  places,  with  an  extreme 
"reached  in  P.  <yphi6gl^)8soideSy  which  grows  in  sphagnum  lK)gs  throughout  North 
America.  Ja]»an  and  Europe.  With  reference  to  the  other  North  American 
sp«»cies  of  Pogtmia  no  marked  variation  from  the  regular  terrt»8trial  orchids  han 
been  observed  which  would  indicate  that  the  plants  had  undergone  any  spe(>ial  or 
irregular  variations  as  a  result  of  their  |>eculiar  environments. 

In  an  examination  of  the  roots  of  P.  ophiogtosaoides  it  was  found  that  a 
striking  exception  existe<l  which  might  W  a  very  suggestive  one  when  <*onsidered 
fnmi  the  stand|>oint  of  the  adaptation  of  the  plant  in  order  to  better  fit  it  t<»  with- 
stand the  peculiar  difiicultiin«  of  its  surroundings. 

The  roots  of  all  phanerogams  are  provided  at  the  tip  with  a  8i>ries  of  initial 
groups,  from  which  diflerentiate  the  various  parts  of  the  root  in  the  following 
onler :  From  the  calyptrogen  comes  the  root  cap,  from  the  dermatogen  the 
epidermis,  from  the  periblem  the  cortex,  and  fn»m  the  plen)m  the  central 
cylinder.  S)metime8  one  or  more  of  these  gnuips  are  combined  and  this  is  the 
condition  ascribed  by  Trent  to  the  orchidacea*,  regarding  which  he  holds  that  the 
calyptrogen  is  not  present  and  the  root  cap  and  epidermis  originate  from  a  com- 
mon initial  group,  the  dermatogen.  Janczewski  holds  that  in  these  monocots  we 
find  a  well  marked  calyptrogen,  and  in  this  he  is  supported  by  Flahault  and  others. 

With  reference  to  this  arrangement,  in  the  roots  of  P.  ophiogloMoidt's,  was 
found  what  is  believed  to  be  a  marked  exception  to  all  phanert>gams,  ex<*e]>t 
possibly  a  few  parasitic  ones. 

The  roots  of  the  plant  are  small,  very  long,  much  branched,  an<l  provided 
with  a  few  root-hairs.  At  the  tip  we  find  an  entire  absence  of  a  n)ot-cap,  and  the 
t^ells  of  the  dermatogen,  with  but  slightly  thickened  walls,  form  the  outside  c<iv- 
^ring,  wbii'h  in  the  growing  plant  is  <juite  green. 

The  cells  of  the  dermatogen  undergo  a  periclinal  extensi(»n  2-8  mm.  bju-k 
from  the  tip,  and  at  this  point  they  cjuickly  change  into  the  more  firm,  brown  epi- 
dermis which  soon  shows  the  differentiation  ni  the  root  hairs.  The  clcrniatogcn 
cells  are  very  large,  regular  and  with  conspicuous  nuclei  showing  great  a<*tivity. 

Another  condition  not  seen  in  other  roots  is  the  very  rapid  development  of 
the  fibro-vascnlar  bundles  from  the  procambium  which  usually  extends  some 
distan<"c  back  from  the  tip,  and  from  it  very  gradually  differentiate  the  elements 
■of  the  tjbro-vjiscular  system,  whereas  in  Pogonia  ophioglotvnidex^  the  xyleni  show** 
reticnlatcil  ir:«cbci(l>  often  not  more  than  ten  cells  back  from  the  initial  irmnp  of 
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the  pleroiii.  The  arrangement  of  the  parts  of  the  central  cylinder  showh  the 
ref^ular  differentiation  (»f  the  radial  bundle  of  roots. 

It  nii^ht  at  firKt  l)e  supposed  that  Pogonia  ophiofflowoidesj  like  many  plants 
{Azt^la,  JfydiocHariA^  Ranantultii*^  Fieuria)  having  roots  with  a  limited  growth, 
throws  off  it«  root-cap.  hut  such  is  not  the  case,  since  not  even  the  nidiment  of  one 
iH  developed,  and  the  secondary  r(K>ts  break  thmugh  the  cortex  and  epidermis 
without  any  covering  to  their  tip.  Neither  is  the  absence  of  the  root-cap  in  any 
way  comparable  to  the  conditi<»n  f(»und  in  some  Aroids,  e.  7.,  Atithuriiim  tonf/ifolium 
{  Bot.  Zeitung,  187X,  p.  H4o, ),  where  the  root-cap  is  torn  away  and  the  root,  by  the 
production  of  a  bud  at  it.s  tip.  <Icvel(»peR  into  a  shoot,  an<l  in  this  way  coniinues 
its  growth. 

Of  the  constancy  of  the  peculiar  c<»ndition  in  Pogonia  ophioyiwuioidvM,  there 
seems  to  be  no  doubt,  since  it  is  foun<l  to  l>e  true  of  plants  collected  in  various 
parts  ot  the  United  States,  and  growing  under  somewhat  ditierent  circumstances. 
The  c<»ndition  is  then  something  more  than  accidental.  The  structure  ot  the 
root,  so  far  as  the  apex  is  concerned,  is  then  not  unlike  that  of  the  stem  of  many 
water  plants  (  Hippnris  mlgtiyi)*),  where  a  single  layer  of  dermatogen  covers  the 
tip,  an<l  insitle  of  this,  o-O  regular  isodiametri<>  4H'11s  of  the  )>eriblem,  which 
undergo*  periclinal  <livision,  give  rise  to  the  cortex.  Inside  of  this,  is  a  group  of 
4-5  initial  cells  of  the  same  character  giving  rise  to  the  tibro-vascular  system. 

The  meaning  of  this  variation  and  its  value  to  the  plant  is  not  certain,  but  it 
is  suggcste<l  that,  since  the  plant  grows  in  loose  sphagnum  and  the  r(M»ts  are  not 
in  anv  immediate  contact  with  the  material  from  which  thev  draw  their  food 
^^M'P^.^'  ^''^'  ^ip  **^  ^^'^'  ^'^'*^  )>reNsing  constantly  against  the  decaying  stems  of  the 
moss  is  a  very  important  factor  in  the  absorption  of  f<»o<l.  Protected,  as  it  usually 
ih  in  other  ))lants,  with  :i  root-cap,  the  outer  cells  «.!  which  are  not  capal)le  of  be- 
coming turgid,  the  cthcieni-y  «»f  this  part  of  tlu'  root  is  very  seriously  interfered 
with  for  the  abMirption  of  food.  With  most  plants,  where  the  whole  length  of 
the  roots  is  in  immediate  contact  with  their  source  of  food  supply,  the  work 
done  by  tlie  root  linirs  does  not  make  necessary  the  use  of  the  tip  for  absorptive 
purposi'h.  Neither  does  Pngonin  nphnHilo^*iQitle>t  have  the  advantages  of  :i  water 
[danl.  which.  like  Ponft'iifria  r/a.«c*»;w'.«»  aixl  many  floating  plants,  take  U|>  their 
nourishment  fnnn  the  free  water  through  the  agen<'v  of  the  great  mass  of  root 
hair>.  often  ^o  strikingly  <levelope<l.  In  Pogonia  opfiioglofwiden  only  those  parts 
of  the  root  that  are  bere  and  there  in  contact  with  the  stems  of  the  spliau:num  an* 
able  to  take  up  food.  The  neeesxity  of  a  large  absorptive  surface  to  the  nK»t  sys- 
tem is  more  apparent  when  we  etmsider  that.  «'ontrary  t(»  the  general  opininii.  the 
boir  s«»il  i"-  Hot  rieli  in  nitrogenous  material. 


.  Another  and  stronger  proof  tliat  tin*  tij»  of  the  root  is  so  vsiliiahlo  an  absttrp- 
tive  organ  is  the  extraordinary  development  of  the  conductive  tissue  of  the  root 
to  a  ])roxiniity  of  the  tip  wholly  unlike  that  found  in  other  plants.  This  unusual 
development  would  indicate  that  the  plant  obtained  through  the  vascular  tissue 
from  the  tip  a  part  of  its  food  supply.  Such  a  condition  of  unusual  development 
of  vessels  at  unexpected  places  is  to  he  noted  in  various  plants,  and  indicates  the 
dependence  on  that  part  for  supplies  of  moistufe.  This  is  true,  for  example,  of 
those  parts  of  pitcher  plants  that  retain  supplies  of  water,  without  which  the 
plant  would  wilt.  (King  and  Zimmerman,  lS8o. )  On  the  other  hand,  aquatii* 
and  semi-aquatic  plants  often  show  poorly  dcveloj>ed  root-caps,  or  frccpiently  the 
cap  is  attached  only  at  the  very  tip,  thus  allowing  the  water  free  contact  with  the 
epidermis,  hut  a  few  cells  back  from  the  initial  group. 

The  nee<l  of  the  root  cap  as  an  organ  of  protection  in  Pogoma  ophiogiosatoideH  can 
certainly  not  overbalance  the  increased  efficiency  of  that  part  of  the  root  due  to  its 
absence.  The  loose  nature  of  the  sphagnum  does  not  offer  any  resistance  to  the 
groM'ing  root,  while  it  at  the  same  time  affords  an  efficient  protection.  It  is  true  that 
aerial  an<l  a<iuatic  roots  are  not  re<juired  to  force  their  way  through  the  meilium  in 
which  they  grow,  but  at  the  same  time  the  air  and  water  do  not  protect  the  root*  as 
does  the  moss,  and,  further,  in  the  case  of  aerial  orchids  the  outer  cells  of  the  root 
cap  do  not  drop  away  to  any  great  extent,  and  the  whole  tip  of  the  root  may  become 
turgid  and  capable  of  absorbing  moisture,  thereby  accomplishing  the  same  end  in 
this  respect  as  wouhl  Ik*  reached  were  the  root  cap  not  present.  No  <loubt  the  in- 
creased activity  of  the  tip  would  make  it  more*  sensitive,  and,  as  the  recent  in- 
vestigations of  Pfeffer  (Annals  of  Bot.,  Sept.,  18iM, )  show  the  irritability  of  the 
root  to  be  routined  to  that  part*,  this  wouhl  certainly  be  of  great  advantage  to  tlie 
]>lant. 

It  would  seem,  in  view  of  what  has  been  said,  that  the  absence  of  this  cap  in 
J'oifonia  ophioghn^oidifn  is  not  the  effect  of  degeneration,  but  rather  the  attainment 
of  a  greater  stage  of  perfecticm,  tine  to  the  prin<'iples  (»f  eviduiion,  whereby  a 
useless  organ  has  degenerated  an<l  disappeared,  and  in  so  doing  worked  material 
advantage  to  the  organism. 


SAi/r-RisiN<.  Brkat>.      \\\  Katheuink  E.  (tOIJ>EN. 
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NoTK-i  OX  F1.0RIDK.K.     By  (iko.  \V.  MARTrx. 

<  >f  the  two  orders  coinprising  Rfi(Miopkyre<r,  Finridea'  is  tlu*  most  noteworthy. 
The  nuiiil»i»r  of  species  coinposinjj^  it  is  large,  all  of  which  have  the  |)re(loininating 
re<l  >lia(ie  in  their  normal  condition.  tJiongh  other  colors  are  sometimes  very  <*on- 
spicuons.  Like  other  noted  cnsc'",  the  order  seems  to  he  a  very  natural  one;  in 
fact,  the  genera  and  sju'cies  graduate  into  <ine  another  so  finely  that  sharp  dis- 
tinctions can  not  he  ohtained.  However,  it  must  not  l)e  inferred  that  exceptions 
do  n«it  oc<'ur  here  as  is  common  to  the  other  natural  divisions  of  the  plant  king- 
dom. With  the  exce[)tion  of  a  few  genera,  such  as  Batrarhonpermiim,  I^'tnuiiea, 
Btin'/io.  ChnntrnnAla  and  Jlilileiihrnudtia,  all  are  marine;  their  favorite  place  of 
j;r«»wili  is  helow  h>w-waier  mark  and  in  deeper  water,  hut  some  forms  are  f<»und  in 
tide  pools. 

Both  mor[)h(dogical1y  nnd  physiologically,  hy  many  it  is  claimed  that  this 
orthr  exhihits  the  highest  characters  known  to  algie.  The  structure*  of  the  frond 
v;irir>  with  the  genera  ;  in  some  the  tissues  are  very  simple;  in  others  very  deli- 
cate :in<l  complex.  All  plant  bodies  are  multicellular,  and  present  a  variety  of 
form-:  some  are  fi/amfnfoHn,  either  mfuiosiphonous,  as  in  draminm,  or  polysiph- 
onou-.  as  in  PoiifKiphonio  ;  growth  is  hy  means  (»f  an  apical  cell;  others  are  imui- 
bramirt'oiM,  formed  by  branching  filaments  <'ohering  and  the  tilling  up  of  mucilag- 
inou-  "iubstance  between;  in  the  latter,  growth  results  from  a  division  of  marginal 
series  "jf  cells. 

While  considerable  variety  of  forms  and  complicated  structures  obtain  in  the 
Fh'iidetv,  the  most  voteirorthjf  charnrten*  to  be  brought  out  are  the  methods  of  repro- 
duction; namely,  vef/etntire  multiplication  an<l  .s/>o/r  re.profhictinii.  t)f  the  former, 
many  Fuethods  are  purely  vegetative,  among  which,  reproduction  by  multicellular 
gennme  being  the  most  rare,  such  as  found  in  Meh^wAin.  N(m-motile  cells  from 
terminal  cells  of  branches  arc  thrown  off",  and  to  all  apj>earances  reprt»sent  a  kind 
of  transition  stage  between  the  purely  vegetative  and  the  spore-repn»ductive.  Of 
the  latter,  two  divisi(U)s  occur;  namely,  the  non-xernai  and  the  ^xudl-npore  repr<i- 
duction.  The  non-sexual  s})ores  are  formed  either  i*efualhf  ar  asexmn/i/;  the  former 
are  always  reproduce<l  by  the  sporo)>hi(tt%  and  known  asi*arposj)ores,  while  the  latter 
are  formed  by  the  gdmftophytc,  and  known  as  gonidia,  or  ordinary  spores.  These 
:ire  pn>duce<l  in  unilocular  sporangia,  as  in  Ceramium,  or  in  multihx'ular  spor- 
antria.  as  in  DoKi/n. 

These  bright  re<l;  motionless  spores  are  divide<l  into  three  classes,  viz.,  fetra- 
jfy>')"^,  which  may  be  cruciate, /onate  or  tripartite, /W/AH/iO/v."*  and  sier'i.'tporfs.  The 
latter  are  common  to  species  of  Cerufniiim  and  Cat  ithumninii,  an<l  consist  of  <hain9 
of    oblong  cells  fornied    directly   from   the  branches   at   their  extremities.      The 
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arraiigciiient  of  the  sponin^iu  on  tlit*  fronds  in  various.  In  soniecases,  as  in  D<i.-<mt 
tUffUNit,  they  urc  limited  to  particular  )>orti(»ns  of  the  frond,  home  on  moditit-d. 
lateral  pod-like  hranches,  so-eulled  sti(>hidia,  the  terminal  eells  of  which  jyfive  ri^e 
to  Hporaii>fia.  In  others,  as  in  Pohfuiphimia,  they  are  developed  internally,  within 
the  snj>erticial  cells,  and  are  either  isolated  or  collected  in  wart-like  masses,  nrnm- 
theeia.  The  latter  method  seems  to  prevail  among  the  jcenera.  The  fronds  U^ar- 
ing  the  tetra^pore8  are,  with  few  exception?,  <li8tinet  from  llnise  liearinj?  sexn.-d 
frnit  <»r  cyst(M'ar|>s.  Occasionally  hoth  tetraspores  and  cystocarps  are  found  on 
the  same  specimen,  as  in  certain  species  of  CallitHnmnion  and  Spifridia.  The 
tetrasporic  plants  are  ti«*cidedly  more  ahundant  than  the  c'ystocarpic.  In  ci-rtain 
genera,  among  whi<*h  CallifhamnioH^  it  is  n<it  uncommon  to  tin<l  nnfheriilin,  cif^tn- 
atrpit  jind  tftra^pf}reH  on  the  same  individual,  a  thing  rarely  to  he  seen  in  ihe 
Floridfiv.  Hut  the  most  pu/.zling  part  of  the  whole  life  history  of  the  order  is  the 
complicated  process  of  sexual  reprodu<*tioii.  In  many  eases  the  full  development 
of  the  I'vstoearp  is  unknown.  Many  details  connected  with  the  act  of  fertilization 
are  as  yet  very  ohscure.  To  account  for  ]ill  stagi^  from  procarp  to  eystocarp  is  :ii 
present  a  prohlem  of  extrcMne  interest  among  algtdogists. 

The  organs  of  sexual  repnxluction  in<'lude  the  antheridium  and  the  procarp. 
the  latti'r  comprising  the  trirhophorf  jind  the  tnrhof/ipie.  As  a  rule,  the  sexual  celU 
are  terminal  in  position  and  more  or  less  Hxed,  usually  phuvd  on  the  younjjoi 
lateral  branches  of  the  frond,  and  are  either  unicellular  or  multicellular.  iliu> 
forming  clusters. 

A  hrief  de-crlplion  of  tlu*  simplest  arrangement  to  effect  fiTtilizntion  is  ihc 
following: 

The  terminal  cells  of  two  lateral  branches  become  <'hanged  in  form  :iiid 
struciun*;  the  <»ne.  tuft-like,  the  antherid,  <*ontains  a  simple  non-motile.  ii«»ii- 
eiliated  anthero/.oid  ;  the  other,  a  terminal  cell,  with  two  below  forming  the 
proearp,  I'ularges  and  elongates  above  to  fonn  a  long,  sh'uder.  hyaline  hair,  the 
trichoi/ijne.  who^e  basal  {lortion  is  the  Iriolifphon'.  In  the  simplest  forms,  as  in  the 
Hamjinren ,  the  anther(»7.oids  come  in  contact  with  the  extremity  <if  the  receptive 
tricho^yne  wb«-re  they  adhere  for  a  time.  After  the  walls  «»f  both  p<nnts  in  (mui- 
tact  are  absorbed,  the  fertili/.injr  intiuence  is  propagate<l  through  the  tri<*hogyue 
to  the  trichophore,  which  enlarues  by  cell  division.  In  this  case  the  trich«>plnMc 
heci>mes  the  carpogenie  i-ell.  which  subsequently  <livides,  each  dir'ut  oh  yiehlinji  :i 
carpospore.  Such  a  product  of  fertilization  is  a  c.ifitUietir/>^  whosi*  formation  i<< 
direct.  Other  cases  of  direct  formation  occur,  as  in  yeinaiioH  and  Chant  ran  k'iu, 
when*  the  <'arp<n;enic  cell  gives  risi»  to  an  outgrowth  of  (xiblastema  lilaments 
wlwuf  cy't  Miirp^  ciMi'«ist  of  clusters  iA  sporanjfia.     In  by  far  the  greater  nuFiiber 
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o!  genera  the  cystocarps  are  not  formed  hy  direet,  Init  by  indireet,  ontgrowtlis 
from  the  triehophore.  For  example,  in  Cullithnnnion^  the  fertilizing  snbstanee 
passes  from  the  triehogyne,  if  at  all,  throngh  the  Inchophore  and  Mmethncs  mvtral 
reits  belong  before  certain  lateral  cells  are  reached,  which  become  spore  bearing. 
In  Lhnhestnaya  the  triehophore  of  oni*  pro<*arpic  tilament  gives  rise  to  Keveral 
lateral  tnbes,  itM-lf  becoming  non-spore  bearing,  which  convey  the  fertilizing  im- 
pulse to  certain  cells  of  oiher  procarpic  filaments  which  have  no  tri<'hogyne  in 
other  parts  of  the  frond.  Thns,  cystocarps  are  forme<l  at  great  distances  from 
tlie  triehogyne.  In  Pdindt^i  a  similar  arrangement  obtains,  but  the  cystocarps 
are  not  the  auxiliary  cells  of  the  procarpic  filaments;  they  are  lateral  expansions 
of  the  trichophoric  tubes.  In  other  genera,  the  evidences, are  ample  to  disprove 
the  act  of  fertilization.  In  Pfiiola  serrata,  as  far  as  obsiTvat ions  went,  1  found  the 
antheridial  plants  very  rare.  Not  a  single  antheri<lial  plant  or  an  antherozoi*! 
was  fonntl  in  (Contact  with  the  triehogyne.  A  very  peculiar  phase  in  the  develop- 
ment of  the  eystoearp  was  note<l  a  triehophore  with  five  trichogyns  ;  tlu'  anthero- 
zoids  would  have  lia<l  to  pass  through  two,  in  some  cases  three,  cells  to  have  fer- 
tilized the  lateral  carpogenic  eells. 

In  lintruchoA^yennum^  the  earpogonium  develo})s  cystocarps  with<»ut  any  con- 
niM'tion  with  the  triehogyne — an  entirely  non-sexual  process.  A  cellulose  plug 
separates  the  triehogyne  from  the  triehophore.  In  three  species  of  this  genus 
ccdlulose  plugs  Were  eonstant.  and  two  nuclei  in  the  triehogyne.  Only  about  10 
|K*r  cent,  of  specimens  examined  showed  evident  fusion  of  antherzoids  with  th<" 
(*arpogonium.  The  ooblastema  filaments  are  not  outgrowths  of  the  earpogonium, 
but  fnwn  eells  below,  wlii<h  is  in  opposition  to  Thuret  and  Bornet,  Physi«dogie- 
ally,  then,  two  great  types  of  reprtxluction  seem  to  occur:  one  in  which  cysto- 
carps <U^velop  fron»  the  (*arpogonium  ;  the  other  in  which  cystocarps  develop  from 
the  cell  below. 

To  Ainn  up  the  Mf'x  phfis*'  nf  PVorideir:  Autherozoids  very  rare,  non-motile  and 
in  some  <'ase*<  wantinir.  Onlv  a  verv  few  cases  of  actual  fertilization  recordetl  bv 
algologists.  Not  definitely  known  whether  autherozoids  fuse  with  carpogonia  or 
whether  apogamy  is  the  rule.  The  commingling  of  the  nueleus  of  the  antherozoid 
with  the  nueleus  of  tbe  triehogyne  and  the  contents  separated  from  the  earpo- 
gonium by  a  eellulose  plug — a  hint,  n«>  doubt,  toward  an  old  hereditary  act  of 
ancestral  forms. 

Tlierefore.  tbe  stn»ngest  p<dnt  in  the  investigaticm  of  the  FloiUUir  is  the  sepa- 
ration <»f  the  tri<bogyne  from  the  trichopore,  and  fertilization  not  accomplished. 


!» 
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Measirements  of  Strains  Inikced  in  Plant  CrRVATrRF>4.     Hy  I).  T.  Mac 
DorciAL, 


PiiE  Stomates  of  Cycas.     By  KiKiAR  W.  Olive. 


The  Bui'KEYE  Caxoe  of  1840.     Ky  W.   P.  Shannon. 

One  of  the  campaign  devices  of  1S40,  in  this  State,  was  :i  Imckeye  canoe  on 
wheels,  (ieneral  HarriRon,  the  Whig  candidate,  was  a  citizen  of  the  Hnckeye 
state  and  the  hero  of  the  hattle  of  Tip|)ecanoe.  Hence,  the  Hiickeye  Canoe  cni- 
hodiecl  the  ideas  thai  canglit  the  selfish  pride  of  two  states.  The  jnirpose  of  this 
paper  is  to  give  some  idea  of  the  size  of  tlie  tree  from  which  this  can<H?  was  nnide. 

The  dimensions  of  the  canoe  and  of  the  tret^  were  given  to  me  hy  Mr.  Hol)crt 
0>nes,  of  Muncie,  a  man  that  I  have  known  all  my  life,  and  his  statements 
agree  well  with  those  that  I  have  obtained  fnmi  others.  Mr.  ( 'ones  was  one  of 
those  who  guarde<l  the  canoe  {>(  nights,  while  it  was  being  made.  It  was  fifty  feet 
long,  well  dressed  both  ontside  and  insi<ie.  On  the  inside,  boards  were  phu'ed 
crosswise  for  seats,  and  three  persons  could  sit  comfortably  on  one  seat. 

During  the  campaign  it  was  hauled  from  place  to  ])lace  over  the  state,  ap- 
pearing at  Indianapolip,  at  Richmond  and  the  Battle  Onmnd.  The  dimensions 
of  the  canoe  show  that  the  tree  was  immense.  We  have  seen  yellow  poplar  or 
tulip  trees  big  enough  for  such  a  canoe,  but  it  hardly  seems  cre<iible  that  there 
ever  existed  such  a  buckeye    ree. 

The  tree,  standiiig,  measured  27  feet  9  inches  in  circumference  at  two  fei»t 
from  the  ground,  and  was  90  feet  from  the  ground  to  the  lirstlimb.  The  foliage  was 
reduced  to  a  bunch  at  the  summit  of  the  stem,  which  cause<l  some  who  saw  the 
tree  to  compare  it  to  the  palmetto.  The  tree  had  no  spur  roots,  it  stoo<l  in  the 
gnnind  like  a  post,  it  was  as  straight  as  an  arrow  and  heltl  its  thickness  remark- 
ably well.  This  tree  grew  in  the  southeast  corner  of  Rush  County,  and  was  re«*og- 
nized  as  a  sweet  buckeye.  If  so,  it  was  ^I^iUuh  flavu.  On  account  of  it*  size 
and  majesty  it  was  known  far  and  wide,  antl  was  visited  :u$  a  great  curiosity  by 
men  from  different  parts  of  the  United  States.  Occasionally  a  man  from  a  distant 
city,  a  merchant  from  Philadelphia,  for  instance,  having  business  in  Connersville, 
Rrookville,  or  Rusbville,  would  drive  from  10  to  15  miles  to  see  the  "Big  Buck- 
eve." 

I  have  never  fou ml -7i«CM/ux //am  in  Dei'atur  County,  a  region  where  I  havt* 
jrivun  MMHc  attention   to  the   forest  trees.     It  is  not  in  Mr.  Meyncke's  publisluMl 
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list  of  thf  lMiiiiu'r<»g5inis  of  Franklin  Ouinty.  It  doos  not  uppear  in  tluM'atalogue 
of  Indiana  plants  pnblislie<l  in  connection  with  the  Botanical  Gazette  a  few  years 
Hjtro,  in  1H82,  1  helieve.  Bnt  acconlinj;  t<»  Dr.  Collins  it  occnrs  in  DearlM>rn 
0»nnty.  Dr.  Phinney  places  it  anion^  the  forest  trees  of  Delaware  County.  It 
has  hcH-n  reported,  I  know  not  hy  whom,  from  JefTerson  County.  Hence  Rush 
Countv  soems  to  he  in  the  reifion  inhabited  hv  the  Sweet  Buckeve. 

The  comparative  si/A's  of  ^JCacnlnx  gUthra  and  JEkcuIua  //am,  as  ^iven  by  the 
authors,  is  p>od  evidence  that  the  tree  in  (}Uestion  waK  ^fJffcnhis  jfinrOj  an<I  not  the 
4'ommon  buckeye,  ^Ki<ctifux  glahra.  According  to  (iray,  t/labra  is  a  large  tree,  and 
//am  a  large  tree  or  shrub.  According  to  Wood,  glabra  is  a  small,  ill-s<'ented  tree, 
untl  jiava  a  large  tree,  'M)  to  70  feet  high,  common  in  the  southern  and  western 
states.  Then  he  adds  by  way  of  parenthesis:  In  Columbia  County,  Georgia, 
only  4  to  it  feet  high.  This  seems  to  explain  the  shrub  of  (tray,  and  indicates  that 
it  is  not  only  an  extreme,  but  narrowly  hn-al  variety.  In  Sargent's  Forest  Trees 
t)f  North  America,  glahra  is  a  small  and  medium-sized  tree,  and //am  a  tree  some- 
times (>0  feet  in  height,  with  a  trunk  2  to  3  feet  in  diameter.  According  to  Apgar, 
yldbra  is  a  small  to  a  large  tree,  sometimes  only  a  shrub  <>  to  7  feet  high,  and  is 
found  from  Virginia  ti>  Indiana  an<l  southward. 

If  this  big  buckeye  was  ^hJ^enhu*  jUivaf  and  the  evidence  shows  that  it  was,  we 
have  an  example  of  n  gigantic  individual  growing  near  the  limits  of  the  range 
of  the  species. 

Emhrvo  Sac  ok  .Ikkfersonia  Diphylla.     By  Frank  M.  Andrkws. 


Some  Notes  i»n  the  Am<eba.     By  A.  J.  Biokey. 

Students  and  teachers  in  biology  usually  have  c(»nsiderable  difliculty  in  find- 
ing an  abundant  supply  of  this  interesting  little  animal.  Thedirecti(ms  generally 
given  in  our  text-lM>ok8  will  enable  one  to  find  plenty  in  the  course  of  time,  but 
the  teacher  does  n<Jt  have  very  much  time  to  devote  to  this  part  of  the  work,  and 
in  manv  cases  the  animal  must  be  omitted  because  it  can  not  be  found  when  it  is 

m 

tieeded. 

I  hope  that  no  member  of  this  Academy  hsis  ever  had  any  difliculty  in  this 
iine,  but  I  fear  mv  wish  can  not  be  realized.  It  mav  \ye  that  the  method  of  find- 
invr  them  here  presented  is  not  new  to  this  Academy,  but  I  have  n<>t  as  yet  met 
with  it  after  examining  almost  scores  of  texts  and  talking  with  many  of  the  lead- 
ing biologists  of  this  country.     If  it  be  old  to  some,  it  will  be  new  Ut  others. 
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While  coUerting  for  the  bioh)gical  dcpjirtnient  of  tht*  Johns  Hopkins  uni- 
versity, 1  put  a  Sinn  11  (piantity  of  Eiujlena  in  a  bottle  and  kept  it  on  my  desk.  In 
a  few  days  I  examined  it  and  found  amu'ba  in  great  numbers. 

To  those  who  are  not  aecjuainted  with  the  EugUmay  permit  me  to  say  that  it  i> 
a  small  phint  which  passes  its  motile  stage  on  the  surface  of  ponds  in  mo.st  part^ 
of  this  country.  After  remaining  in  this  condition  a  few  days--  the  surface  of  the 
pond  being  «|uite  green  with  them— they  pa^is  into  the  resting  stage  and  disappear, 
the  surface  of  the  pond  becoming  clear,  but  in  a  few  days  more  the  pond  will  lu- 
green  with  the  motile  forms.  This  seems  to  be  a  remarkably  favorable  habiiai 
for  the  amteba.  Thev  are  near  the  surface  so  that  thev  can  secure  identv  of 
oxygen,  and  the  surroundings  are  such  that  the  other  conditions  of  life  are  ex- 
ceedingly good. 

When  the  above  material  was  first  examined  they  were  multiplying  very  rap- 
idly, but  in  a  few  weeks  the  conditions  changed  somewhat,  so  that  there  were 
more  large  ones. 

This  supply  was  securetl  in  N(»veraber,  1893,  and  was  the  soun-e  of  supply  iiM- 
the  university  the  remainder  of  the  vear.  When  1  left,  late  in  Mav,  1S1>4,  there 
were  as  many  as  ever  and  in  good  condition.  They  were  so  abundant  that  often 
two  or  three  do/AU  c«Mild  be  found  on  a  single  slide. 

On  my  return  to  Indiana,  I  found  plenty  of  Enylfna,  and  likewise  a  good  sup- 
ply of  anueba.  In  September  1  furnished  my  class  with  this  material,  and  they 
met  with  practically  n<»  ditlicnlty  in  finding  them,  for  they  were  w»  numerous. 

A  little  later  I  eollected  some  of  the  Euglena  from  a  pond  of  strong  manuiv 
water  in  a  barnyard,  an<l  the  usual  numbers  were  found. 

A  few  days  ago,  on  examining  the  same  material,  I  found  them  more  abun- 
dant than  ever  before. 

Bv  this  method  I  feel  sure  that  teachers  can  alwavs  obtain  amoba  witlumt 
any  dirticuliv. 


The  Variations  of  Polyporis  Licidis.     IW  L.  M.   Indkrwooi). 

;Aiistka<'t.j 

The  above  species  is  common  to  both  Kuro]»e  and  America,  and  as  usually 
reported  is  a  fungus  that  inhabits  the  dead  portions  of  conifers,  notably  in  our 
northern  regions  the  hemlock.  It  is  als*»  in  northern  regions  a  stipitate  specie>. 
having  a  lateral  stem  and  is,  moreover,  annual.  I  find  that  in  lower  latitudes  ii 
ileparts  from  all  these  supposed  characteristics.  (1)  It  grows  on  the  wood  and  at 
the  roots  of  deciduous  trees.      (2)    It  is  often  sessile  or  has  an   irregular  stein. 
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':>)  It  L**  perennial  and  even  stratose,  i.  f.,  forms  a  surression  of  layers  of  pores. 
Specimens  from  South  Carolina  and  Indiana  exhibit  the  latter  condition.  The 
species  has  heen  rejrardcd  jis  the  type  of  a  distinct  genus,  Oanoderma.  It  is  possi- 
l>le  that  the  supposed  variations  represent  incipient  and,  perhaps,  distinct  species, 
yet  the  group  in  which  the  species  occurs  thoroughly  defies  all  exact  classifica- 
tion, a  single  species  often  in  its  variati(»n8  overreaching  generic  and  even  family 
limitations. 


The   Proposed  New   Systematic   Botany  of   North   America.      Bv  L.  M. 

rNI)ERW(M)D. 

[Aksthact.J 

AnnounccnuMit  of  a  new  Hora  of  North  America,  to  he  the  combined  work  of 

the  leading  botanists  of  the  country.     Kach  group  is  to  be  montigraphed  by  si)e- 

lialists.     The  w(»rk  is  to  consist  of  seventeen  volumes  octavo,  of  about  500  pages 

f  ach  and  to  be  issued  in  parts.     Separate  parts  of  the  work  will  also  be  obtainable, 
but  at  an  advanced  price. 


('ELT.   STRrCTlRE  OF   CYAXoI'HYCE.E.        By   (iEO.    W.    MaRTIN. 

Contributions  on  the  re/l  utrxicture  of  aUjn  plants  have  by  no  means  reache<l  a 
tonsiderable  degree  either  in  point  of  number  or  in  scientific  results.  Ri'search 
in  this  line  is  coujparativcly  an  untried  field;  especially  <loes  it  obtain  in  referi»nce 
to  the  class  of  algje  known  as  the  Cyamtphycetf. 

During  the  past  summer  the  writer  had  an  opportunity  of  studying  marine  as 
well  !L>  t*:rr*'.*tri(il  forms  ot"  a  nuud»er  of  species.  Work  was  undertaken,  chiefly, 
to  discover,  it  possible,  by  use  of  various  reagents,  any  method  that  might  lead  to 
the  identification  of  constituent  and  structural  parts  composing  the  cell.  The 
fjdlowing  is  a  brief  rei^uuu  of  the  results  obtained: 

Chr(tmato}>liorf.  It  appears  to  consist  of  colored  bodies,  so-called  **grana," 
vmbed<led  in  a  homogeneous,  col(»rles8,  ground  substance.  The  grana  are  bound 
together  by  a  conTiccting  substance  into  a  moniliform,  or  necklace-like  fibrilhe. 

« 

These  are  denser  n<*ar  the  surface  and  run  more  or  less  spirally  anmnd  the  cell. 
Just  here  may  be  mcntione<l  the  fact  that  the  fibrillar  arrangement  of  the  grana 
is  denied  by  Palhi. 

In  all  cases  observed,  the  chromatophore  is  p<tne(al  and  continuous^  und  is 
-.eparated  from  tbc  wall  by  a  delicate  layer  of  protoplasm.  In  several  instances  it 
appeared  to  be  vacuolate. 
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Central  B<xly.  On  treatment  with  niethyleni'  l>hu'  u  central  body  ;i|)|)t:ir>; 
it  takes  a  living?  stain,  is  nmre  or  less  ronnded  and  centriil  in  the  cell.  Acconiino^ 
to  the  investigations  of  Palla  it  is  homogeneous,  hut  according  to  Hieronymu>  it 
is  more  or  less  differentiated  into  granules,  having  a  iihrillar  arrangement.  The 
fibrilhe,  however,  are  not  surrounded  hy  a  membrane,  and  may  extend  in  siny  di- 
rection throughout  the  cell,  even  penetrating  the  chromatophore.  The  *rranules 
are  strikingly  significant  ot  the  cyanophycin  grains  of  Hieronymus.  Though 
the  central  bodv  in  its  reaction  towards  stains,  etc  viehls  results  similar  to  llio>e 
of  nuclei,  yet  it  does  not  appear  to  be  a  nuchMis.  or  at  any  rate  it  d(»es  not  show  in 
detail  the  characteristics  of  a  nucleus,  a.^fountl  in  Ho'  hit/lur  plant.-*. 

Mucus  (iU^nilrs.  In  the  parietal  part  of  the  cytoi>lasm  of  most  s[)ecies  occur 
globular  structures  which  are  most  numenuis  along  the  septa.  In  appearances 
they  harmonize  with  the  description  of  Schmitz's  mucus-gh^bules.  Hut  according 
to  the  investigations  of  Hieronymus  they  are  identical  with  <'yanophycin  grains. 
There  is  no  similarity  in  results,  for  mucus  globules  are  ins(duble  in  hydrfM-hloric 
acid  an<l  stain  with  methylene  blue,  while  cyanophycin  grains  are  soluble  in 
hydrochloric  acid  and  do  not  stain  with  methvlene  blue. 

V<ifiif)Us.  Irregularly  distributed  through  the  contents  of  the  cell  are  usually 
a  number  <»f  transparent  spaces  of  cell  sa}>  or  vacu«des.  They  vary  in  size  and  in 
number. 

Oil.     Drops  of  oil  were  observed  in  the  germinating  spores  of  Ohrotrichia. 

The  Cell  Wall.  The  structure  of  the  cell  wall  j)resents,  to  a  slight  degree,  a 
form  <»f  lamination.  It  is  of  comparative  thickness,  and  more  or  less  colorles>. 
As  to  its  chemical  c(»mp(»sition,  the  results  obtained  by  the  application  of  acids 
and  stains  were  too  fragmentary  to  draw  any  satisfactory  conidusions.  However, 
I  found  it  highly  resistant  on  treatment  with  acids,  especially  38  i>er  cent,  chromi*' 
and  concentrated  sulphuric.  With  the  anilines  vt*ry  decrided  stains  were  obtained. 
In  short,  of  the  live  recognized  kinds  of  cell  walls,  one  type  possesses  properties 
intermediate  between  those  oi  juiiffUit'Cellalose  and  culiii. 

The  Sheath.  Peripheral  to,  and  conjunctive  with  the  cell  wall  is  the  delicate, 
membranous  sheath.  In  some  species  the  sheath  is  wanting,  but  in  most  cases  it 
is  present  and  marked  by  varying  degree^  of  thickness,  even  at  times  giviiig  a 
stratified  appearatue.  Chemically,  it  differs  considerably  from  the  cell  wall,  but 
it  is  closelv  allied  to  cellulose.  In  manv  cases  it  turns  blue  on  treatment  with 
chloriodidc  zinc;  is  mostlv  soluble  in  sullicientlv  concentrated  chromic  and 
sulphuric  acid,  but  is  ins<duble  in  cupra-ammonia.  Agreeing  with  ccllub»c.  it. 
too,  pos.sesses  the  property  of  ciitieularization. 
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Preliminary    Acioint   ok   thk    Development   of   Ktheo^itoma.     By  A.  ii. 
I'lrky. 


Emhryojxk;y  of  the  CrprLiFT-^R.K.     By  I).  W.  Mottier. 


Variation  in  Kthkostoma.     By  W.  J.  Moenkhais. 


Blood  ('oRrus(  lks  of  the  Very  Younc;  IIfman  Kmbryo.     liv  I).  W.  Dennis. 


IvMHRVOLOCa'    of   THE   FROli.       By    A.    J.    BlGNEY. 

The  i'liihryolo^^y  of  the  frojr  is  an  old  suliject,  yet  few  of  our  smaller  iiistitu- 
tionB  antl  many  of  the  larirer  eolle^es  hiid  even  some  universities  often  do  but 
little  work  <mi  the  frojj  in  this  line.  The  material  is  so  abundant  that  it  seems 
thai  it  ought  to  be  studied  some  at  least  even  in  our  high  sehocds.  One  difiieult^' 
in  the  way,  an<l  perhaps  the  greatest,  is  a  goo<l  method  of  manipulation.  Many 
find  this  trouble  and  jLnve  up  almost  in  despair. 

It  is  the  chief  objeet  ol'  this  paper  to  present  what  I  consider  the  easiest  and 
l>est  method  of  manipulation.  j{y  this  method  even  the  inexperienced  student  or 
the  amateur  may  soon  be  able  to  do  fairly  good  work. 

Eggs  obtained  very  early  in  the  morning  may  show  the  first  process  in  matura- 
tion, viz.:  the  formation  of  the  polar  bodies.  This  can  be  observed  better  in  tlie 
Amblystoma,  or  even  more  t-asiiy  in  the  common  pond  snail,  the  I>ymiuinin  or 
Phyi<a. 

In  order  to  preserve  the  et;j»s  for  permanent  mounting  or  sectioning,  they 
should  be  killed  and  partially  hardened  in  al<'olu>lic-picro-sulphuric  acid.  The 
alcohol  used  in  this  solution  should  be  '»0  per  cent.  The  eggs  should  remain  in 
this  solution  from  six  to  twelve  hours,  depending  upon  the  age  of  the  ^^f:.  Before 
putting  them  in  this  scdution.  most  of  the  gelatinous  substance  should  be  remove*! 
by  a  needle  or  similar  instrument.  Next  wash  a  few  minutes  in  30  per  cent,  alco- 
h(d,  then  transfer  to  oO  per  cent,  for  an  hour,  then  to  70  per  cent,  for  two  to  four 
(lavs. 

The  70  |)er  cent,  alcohol  passes  through  the  membrane  covering  the  egg  and 
pushes  it  a  short  distance  from  the  egg  proper,  so  that  it  can  easily  beclij)ped  with 
a  pair  of  sharp  scissors,  and  the  egg  is  readily  removed.     If  the  alcohol  is  much 
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sHonjjer  than  70  per  cfiit.  it  will  not  cause  thi.s  swelling  of  the  nienilirane.     After 
tluH  the  egjTS  ean  be  dealt  with  after  the  regular  methods. 

To  study  the  sejfnientation  the  e^gs  may  he  kept  in  a  wateh-j^lass,  an<l  ex- 
amined with  a  strong  lens  or  low  power  of  the  mi('ro8eo|>e.  The  formation  of  the 
furrows  can  he  studied  up  to  the  32-eelled  stage  with  praetieally  no  diHieulty,  and 
with  some  care  to  the  TiS-eelled  stage.  Eggs  at  the  various  stages  may  he  killed, 
hardened  and  stn-tioned  so  as  to  show  the  internal  changes,  the  formation  of  the 
cleavage  cavity,  the  archenteron,  notochord  and  other  <»rgans  that  ap]H'ar  from 
time  to  time.  In  the  process  oi  clearing  the  eggs  it  is  hcst  to  use  cedar  oil 
rather  than  turj)entine,  for  the  latter  tends  to  make  thenj  even  more  brittle 
than  thev  are. 

The  general  progress  of  this  development  is  too  well  <U*scril>ed  in  tcxt-lnxjks 
to  merit  any  further  account  here.  I  am  indebted  to  Prof.  Th.  II.  Morgan,  of 
Hryn  Mawr  college,  for  most  of  the  above  points.  I  have  carefully  tested  them, 
and  can  recommend  them  without  restricting  qualiHcations. 

Another  interesting  tield  in  the  study  of  these  eggs  is  to  separate  the  seg- 
ments in  the  early  stages  of  segmentation  and  observe  the  result.  It  has  been 
found  that  in  the  two-celled  stage  each  segment  will  form  a  perfect  aninuil, 
but  only  about  half  the  normal  size.  This  has  been  tested  as  far  as  the  eight- 
celled  stage,  each  segment  continuing  its  development,  but  forming  specimens 
much  smaller  than  ordinarily,  the  effects  of  pri.»ssure  up<m  the  ileveloping  eggs 
causing  them  to  segment  in  a  diflerenf  nuinner.  Other  points  of  interest  might 
be  suggested,  but  these  are  sutlicient  to  call  attention  to  this  important  subji>ct. 


l\nso.V()fS   INFLIKNCK  OF   VaKI01:s  8i*E<'IF.s  oF  C'VrRII'KDIUM.       Wy    I).   T.    Ma«  - 
iMrCtAL. 

At  the  last  December  meeting  of  the  .Veaderay  a  short  paper  was  presented 
bv  the  writer  detailing  some  observations  tending  to  show  that  C.  spirtabi/e  iiiul 
C.  piibeHceiiH  have  an  irritant  action  i»n  the  human  skin.  This  paper  was  printed 
in  full  in  the  "Minnesota  Botanical  Studies,"  Part  1,  :i*2,  1S94.  » 

The  interest  in  the  matter  sh<>wn  by  the  comment  of  the  scientific  and  daily 
press  and  by  the  large  amount  of  correspondence  received,  w;uj  such  that  a  series 
of  tests  were  planned  which  woubl  place  the  entire  matter  beyond  all  question  or 

doubt. 

It  had  been  suggested  by  ingenious  correspondents  that   the  poisonous  eflfects 

experienceil  by  the  writer  in  handling  C  AftedabUe  in  a  swampy  location,   may 

have  been  due  to  the  action  of  some  of  the  (Hiisonous  plants,  such  as  /.V<mx.  usually 
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I'oiintl  in. or  near  Kphagnuin  swamps.  When  it  was  found  by  caretul  examination 
tliat  no  plants  of  the  genus  Rhui<  grow  within  one  mile  of  the  locality  in  whieh 
the  test  was  made,  one  of  my  correspondents,  with  a  most  admirably  develojKHl 
•"scientific  imagination*'  suggested  that  the  pollen  of  the  Rhua  may  have  been 
frtrried  by  the  wimi  and  caught  by  the  secretions  of  the  glandular  hairs,  in  such 
«]uantity  that  the  amount  of  toxicodendric  acid  contained  would  be  sufficient  to 
|)ri»dnce  the  irritant  effect. 

A  number  of  r<M>t  clumps  of  (\  spectahile,  C.  puhet^renn  and  C.  parvifloruni 
w«*re  obtained  from  Pitcher  and  Manda,  and  placed  in  the  plant  house  under  such 
ooiulitions  tfiat  leafy  sti'ius  were  formed  and  the  experiments  could  be  carried  on 
at  intervals  fnun  IVbruary  1  to  June  1,  lSi)4.  In  the  plant  house  were  no  other 
known  plants  of  poisonous  intluenee,  and  since  during  the  greater  part  of  this 
|M'rio<l  the  country  ar<»und  Minneapolis  was  covered  with  snow  to  the  depth  of 
two  or  three  feet,  all  danger  from  distant  Rh\is  clumps  and  sphagnum  swamps  was 
hebl  to  1h»  fairly  cxcludc<l. 

detailed  tests  with  the  leaves  of  C.  s^hfctabife  rubbed  lightly  on  the  skin  oi  the 
wrist,  arm,  face  or  ear,  were   made  with  nine  |K'rsons;  of  these,  six  were  **poi8- 
<»ned*'  in  a  degre<'  corre>ponding  to  the  manner  of  application,  in  a  time  varying 
from  ten  to  twelve  hours.     By  a  canvas  of  the  student^  of  the  department  it  was 
f(>un<i  that  nearly  the  sanu-  percentage  were  usually  poisoned  by  Rhua.     In  order 
to  c<»nfirra  thcNc  re>ults  the  test  was  repeate<l  with  the  same  result.     Still   farther 
n*|»i*titions  were  ma<h*  by  someof  the  persons  concerned,  until  no  ipiestion  as  to  the 
result  remained.     The  un[)leasant  effects  of  these  tests  were  a  seveie  drain  on  the 
enthusiasm  of  the  subjects,  and  the  later  tests  on  three  persons  made  with  C.  pn- 
he>*reui*  were  ecjually  marked.     Nor  is  it  a  matter  of  surpriw  that  similar  effects 
were  shown  by  C.  imrvit^orinn.      It  was  next  in  onlerto  ascertain  whether  this  cfTect 
was  <iue  to  the  mechanical  injury  resulting  from  piercing  the  skin  by  the  pointe<i 
flairs  or  to  the  corrosivt-  action  of  the  secretitui  found  on  the  outside  of  the  glof>- 
ular  tips  of  the  glan<lnlar   liairs.     To  this  end  separate  tests  were  made  by  male- 
rial    from  C.  Mpecfnhih'.      The    hairs  of  each    kind  were  taken   from   the  leaf  by 
means  of  a  pair  of  fine  funeps  an<l  the  tip  pressed  against  the  skin.     Irritation 
resulted  from  the  contact  of  the  glandular  hair  only,  and  in   the  form  of  a   red 
macule  1  to  2  millimeters  in  diatneter. 

It  was  found,  further,  that  the  irritant  action  of  the  plant  increased  with  the 
development  of  the  plant,  an<i  reached  its  maximum  with  the  formation  of  the 
Heed-po<l,  from  which  it  seems  entirely  reasonable  to  infer  that  this  is  a  device, 
and  a  very  efficient  one.  tor  the  protection  of  the  reproductive  bodies  during  the 
period  from  pollination  tn  the  maturity  of  the  seeds. 
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DeVKLoPMKNT   of   SkxUAL   ()R(iAXS   IN    CYMOTOiASTKK.       By    C.    H.    El(iKNMANN. 

fABSTIlACT.] 

Reproductive  cells  are  8egrej<ate<l  very  early  I>efore  any  protovertebra-  are 
formed^  and  the  embryo  is  no  more  than  .8  mm.  in  diameter.  About  a  d<»/.eii 
cells  are  present  at  this  early  time.  These  migrate  backward  with  the  growth  of 
the  embryo,  but  dn  not  share  in  the  general  development.  When  the  larva  has 
attained  a  length  of  7  mm.  the  cells  begin  to  divide,  and  by  the  time  the  larva  has 
reached  a  length  <»f  8  mm.  all  have  undergone  division,  so  that  about  24  cells  arc 
present.  These  are  arranged  in  a  V  shajH'd  area.  The  arms  are  formed  by  the 
folds  in  the  peritoneum  in  which  the  sex  cells  lie. 

TIh'  sexes  become  ilifrerentiate<l  when  the  larvjc  have  reached  10  mm.  The 
differentiation  becomes  apparent  in  the  general  shape  of  the  repnxluctive  glands 
before  any  difTerence  is  noted  in  the  reproductive  cells. 

At  20  mm.  the  grouping  of  the  cells  has  become  characteristic  of  the  sexes. 

Formation  of  Ovarian  Cavity. — The  reproductive  cells  never  lose  tluir 
identity,  they  are  never  transformed  into  other  tissue,  and  no  other  <-elU  arc  ever 
tran*iformcd   into  reproductive  cells. 


Thk  Vf(,ktation  lIorsK  as  ax  Aid  in  Kp>iKAKCH.     By  J.  C.  Artjhr. 

iAnSTRACT.l 

The  gi'ueral  constructi(ui  and  purpose  of  a  vegetation  house  were  <lcscribed, 
and  examples  <»f  work  performed  during  the  season  of  ISiM  in  the  one  at  Purilue 
university  were  given  in  illustraticm  of  what  may  he  accomplished  when  stK'li 
facilities  are  available.  A  vegetatitm  house  is  esseniially  a  structure  t<»  protect 
growing  plants  from  wind,  rain,  extremes  of  cold,  and  other  accidents  to  which 
they  are  subject  in  the  open  Held.  The  plants  arc  grown  in  suitable  pots  or  beds 
mounted  upon  trucks,  whicdi  run  on  wooden  or  iron  tracks.  The  plants  are  only 
run  into  the  vc^'ctation  house  when  re(|uiring  protection,  antl  at  other  times  are 
left  in  the  open.  Although  the  house  is  a  glass  structure,  it  has  lU)  heating 
arrangements,  and  is  chiefly  used  during  the  summer  season. 

Interesting  results  (d)tained  by  feeiling  oats  and  purslane  with  variable 
amounts  of  pota.sh,  were  explained,  and  by  growing  potatoes  with  a  greater  or  less 
supply  of  water,  and  some  other  experiments.  Photographs  accompanied  the 
paper.     Some  possihilities  in  the  study  of  the  physitdogy  of  plants  were  outline*!. 


Ma.s»<  and  MoLF.ci'i.AR  MoTioK.     Ey  M.  N.  Ei  rod. 
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Tjik  Unionid.k  of  the  Ohio  Kivkr.     By  K.  Ellsworth  Call. 

^Abhtbact.J 

There  are  now  recognized  in  the  freshwater  niollusean  fannn  of  North  America 
more  than  one  thousand  representatives  of  the  jtrreat  family  of  Univmidn',  or  fresh- 
water mussels.  A  few  of  these  forms,  whicli  constitute  a  i»eculiarly  well-marked 
division  of  the  family,  occur  in  Mexico  and  in  Central  America.  Less  than  a  score 
(►f  Hpecies  are  fiMind  in  Canada.  The  rest  are  peculiar  to  the  I'nited  States  and, 
for  the  greater  part,  are  found  east  of  the  Rocky  Mountains.  More  than  ninety 
]yev  cent,  of  all  known  forms  are  from  the  regions  east  of  the  Mississippi  an<l  south 
of  the  Ohio  Rivers.  The  center  of  distribution  for  the  described  southern  forms  is 
the  great  central  plateau  reji^ion  of  Middle  Kentucky  and  Tennessee,  Western  North 
:intl  S*)Uth  Carolina,  and  Northern  (leorgia  and  Alabama.  Within  the  area  as 
above  limited,  occur  nearly  all  the  species  that  are  known  — outside  of  the  great 
Unionidic  j^roup  known  as  the  comphnmtits  division.  In  all  the  larger  streams, 
and  in  most  ol  the  smaller,  throughout  all  this  region,  the  members  of  the  family 
tiourish  in  both  great  nunjbers  of  individuals  and  species.  About  eighty  per  cent, 
of  all  described  North  Anjerican  forms  c(»me  from  this  area,  and  some  thirty  per 
cent,  of  all  are  from  Tennessee,  Alabama  and  Chattahoochee  Rivers,  and  their 
trifmtaries. 

This  singular,  but  interesting  fact,  has  never  yet  reieivetl  the  attention  it 
deserves,  for  geographic  distribution,  abundance  in  individuals,  aTid  diversity  of 
fc»rni  are  herein  correlated  clearly  with  certain  geologic  factors.  For  instance,  the 
familv  is  a  verv  ancient  one,  and  dates  bairk  to  I)evonian  times  at  the  latest.  The 
region  under  consideration  has  constituted  a  uni«)ue  land-mass  since  a  very  early 
periml  in  the  history  of  the  continent.  It  has  scarce  been  subjected  to  glaciation 
— at  least  has  not  siinc  the  geologic  record  exhibited  in  its  country  nx'k  began. 
The  very  great  diversity  of  form  and  the  great  abundance  of  these  modern  repre- 
sentatives of  a  very  ancient  type,  appear  }>lainly  to  be  related  in  no  small  degree 
to  these  factors. 

In  investigating  in  this  field,  for  some  twelve  years  or  more  past,  the  species 
and  distribution  of  these  mollnsks,  attention  was  necessarily  directed  to  that  pe- 
culiar Unionine  fauna  which  lies  on  the  northern  border  of  this  area.  This  was 
rendered  necessary,  in  tbe  first  place,  by  the  fact  that  the  Ohio  River  had  it.self 
furnishM  most  of  the  earlier  described  typt^.  The  literature  of  the  subject  re- 
veals some  sixty  species,  di&tributed  unecpially  among  the  three  I'nionine  genera. 
UniOf  AinHJanta  ami  Murijaritono,  and  shows  the  forms  distributed  among  these 
genera  in  an  abundance  which  has  the  relation  just  given,  viz.:  Unto  has  tbe 
greater  number  of  species  and  ManiaritdiKV  the  least. 
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It  was  further  discovered  that  as  the  Ohio  River  forms  of  Unio  are  trnceti 
over  the  regions  southwards  and  their  geographic  and  ge<»logic  environment  be- 
comes changed,  that  a  large  numlier  of  them  sensibly  change  their  external  par- 
tic>ular  characters  and  grade  into  forms  to  this  time  regarded  as  peculiar  to  the  re- 
gion. At  once  here  was  ojwned  up  tlie  great  question  of  synonymy,  with  all  the 
consequences  which  are  involved  in  a  wholesale  reduction  of  species. 

This  study,  then,  in  its  final  form,  will  seek  to  investigate  the  synonymy — 
First,  of  the  shells  whi<'h  have  been  described  from  the  Ohio  River.  Second,  it 
will  select  the  most  marked  vspecies  of  these  river  mussels  and  about  them,  as 
types,  attempt  a  natural  grouping  of  the  I'nioninc  fauna  of  the  valley  and  the 
region  south.  Third,  it  will  attempt  to  eliminate  the  synonyms  which  have  been 
so  multiplied  by  earlier  students  who  were  misled  by  inadequate  data  or  by  the 
older  notions  of  what  constituted  a  species.  It  will,  further,  explain  in  a  measure 
the  way  in  wliich  the  different  forms  assumed  by  the  sexes  came  to  be  regarded  as 
species — an  unfortunate  condition  which  the  dilettante  of  the  present  day  are  mak- 
ing worse.  It  will,  fifth,  seek  to  collect,  for  convenient  reference,  all  figures  and 
descriptions,  in  the  hope  that  in  this  way  the  historic  importance  of  the  earlier 
descriptions  may  become  apparent.  These  will  be  arranged  chronologically.  The 
Ohio  River  constitutes  historic  conchologic  ground  ;  from  it  must  begin,  as  began 
the  old,  the  new  stndv  of  the  Uniftnidc. 


TiiK  Strepomatid.k  of  the  Fali:^  of  the  Ohio.     By  R.  Ellsworth  Call. 

lAnSTRACT.l 

The  Strepomaiid  moUioican  fauna  of  the  Falls  of  the  Ohio  is  one  that  is  very 
rich  in  numbers,  but  rather  p<»or  in  species.  Including  some  which  will  eventu- 
ally pass  into  synonymic  lists,  the  total  number  comprizes  but  ten  species  which 
are  distributed  among  four  genera,  to  wit:  Plevrocera  with  three  nominal  sj»ecies, 
Ijith(isut  with  one  species,  Anruloi^a  with  two  species,  and  (ioinobasia  with  four 
species. 

The  falls  mark  the  line  of  junction  of  the  Silurian  and  Devonian  st^rata, 
which  may  here  be  differentiate*!  with  very  great  success  and  case.  For  a  distance 
of  souje  five  or  six  miles  the  bed  of  the  river  is  verv  rockv,  with  numerous  islets 
of  rock,  which  are  always  exposed  at  low  water.  From  one  entl  to  the  other  are 
innunjerablc  p(M»ls  in  wliich  flourishes  a  very  rich  cjmfervoid  jhra^  and  which  furn- 
nish  a  very  variable  but  favorable  station  for  these  forms.  In  numen»us  place-* 
the  changes  in  the  current  are  so  marked  that  at  different  seasons  of  the  year  the 
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Stnp<nn(it id  fauna  varies  with  it.  For  instance,  in  some  places  where  muddy  hot- 
toms,  and  an  abundant  tlora  co-exist,  tlie  several  members  of  the  genus  Fl^irocera 
abound.  At  another,  where  the  h<»ttom  is  clean  rock,  or  is  ro(!k  with  abundant 
confervoid  vegetation,  the  genus  Ancnlosa  occurs  in  the  greatest  profusion.  At  the 
numerous  small  falls  over  the  rocky  flat**,  where  the  water  is  indifferently  swift, 
and  the  bottom  is  either  clean  or  with  scanty  vegetation,  are  found  great  numbers 
of  the  four  species  of  Goinobtuiis.  At  another  time  in  the  year,  when  the  stage  of 
the  water  is  changed,  a  rather  different  distribution,  locally,  may  be  noted.  These 
relations  exhibit  a  certain  dependence  cm  lo(!al  conditions  that  vary,  and,  per- 
haps, serves  to  explain  the  very  different  character  of  the  shell  fauna  at  the  same 
phu'e,  at  different  periods  ni  the  year. 

The  earliest  forms  that  have  been  <lescribed  from  the  Falls  are  nt»w  unknown. 
They  were  discovered  and  studied  by  the  unfortunate  Professor  Katinesipie,  and 
have  long  since  been  merged  into  synonymy  by  other  students,  who  were  unwill- 
ing to  allow  his  claim  to  original  discovery.  The  attempt  lately  has  been  made, 
with  indifferent  success,  to  tix  these  ft>rms.  What  result  more  extensive  studv  of 
the  literature  of  couch(»logy  will  finally  justify  must  be  left  for  another  time  and 
place.  Here  it  is  simply  the  purpose  to  place  on  record  the  forms  which  occur, 
their  synonymy  as  r.ow  understood,  and  a  study  of  those  changes  in  form  and 
habit  whirh  manifestly  result  fron)  the  environment  of  the  various  representa- 
tivi*s  of  the  family. 

The  species  of  Plcnntcfia  are  the  following;  Pleuntcera  canal iculat am,  P. 
monilifernm  and  P.  eleralum.  There  are  many  specimens  which  are  so  diHicult  of 
determination,  when  studied  in  large  series,  that  one  is  incline<l  to  the  view  that 
forms  of  extreme  variation,  but  really  specifically  related,  have  been  given  species 
names  which  ought  to  have  been  not  even  recognized  as  varieties.  A  species 
monger  could  erect,  by  carefully  selecting  his  examples,  a  dozen  or  more  species 
from  the  simple  variations  in  c*)l(>ration  alone,  and,  strange  to  relate,  this  ha«  been 
done.  Thus  Plenrocfra  ranalirulatum  has  occurred  in  abundance  with  one,  two, 
three  and  even  four  revolving  purple  bands*  Many  specimens  have  been  secured 
which  are  entirely  purple,  and  with  no  semblance  of  distinctness  in  the  banding. 
Hundreds  of  individuals  have  been  taken  that  are  bright,  honey -yellow,  and  have 
no  ten<lency  to  other  coloration  whatever.  Many  present  the  character  of  chan- 
neled whorls,  on  which  the  specific  name  is  based,  while  as  many  more  are  found 
that  have  plain  and  well  rounded  whorls,  without  any  indication  (»f  the  so-calle^l 
characteristic  grooving.  The  form  called  P.  ehvaium  itself  ift  a  beautiful  illustra- 
tion of  the  effects  <.f  different  environment.     It  taken  from»  swiftly  flowing  water. 
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and  found  attached  to  rocka,  the  shells  are  short  and  stubby,  whorls  well  thick- 
ened and  with  incrassate  aperture.  The  same  shells  obtained  from  pools  where 
the  water  does  not  flow  at  all.  and  where  vegetation  flourishes  in  great  abundance, 
are  elongate,  thinner  in  texture,  thinner  abi)Ut  the  aperture,  have  the  lines  of 
growth  far  apart  and  well  marked.  These  are  the  points  on  which  the  supposed 
distinct  species  have  been  based,  but  are  thus  seen  to  be  but  a  reflex  of  the  con- 
ditions of  environment. 

The  f'iouiith(ti*i'A  present  the  same  facts,  but  since  they  are  often  found  at- 
tached to  the  faces  of  vertical  rocks,  from  which  they  do  not  migrate  very  far, 
there  is  a  very  characteristic  modification  of  the  aperture  which  result?,  evidently, 
from  the  effect*  of  gravitation.  The  final  paper  will  present  many  facts  which 
tend  to  this  explanation  of  the  different  forms  of  aperture,  which,  as  is  well 
known,  determines  the  real  form  of  the  shell. 

A  few  important  observations  on  the  animals  themselves  have  been  made,  but 
these  regard  chiefly  minor  anatomical  details  and  possess  little  general  interest. 
Knough  has  been  learned,  however,  to  determine  that  several  species,  at  least, 
have  been  based  upon  the  sexes.  This  difference  is  seen  in  the  general  outline  of 
the  female  shell,  which  has  alwavs  characteristicallv  well-rounded  whorls,  a  con- 
dition  itself  a  result  of  the  positions  of  certain  organs  within  the  body  of  the 
animal. 

Several  of  the  forms  found  at  the  Falls  of  the  ()hio  are  of  wide  geographic 
distribution.  These  limits  have  been  determined  and  a  studv  made  of  the  shells 
as  expressive  of  differences  in  the  conditions  of  the  several  stations. 

The  most  abundant  species  of  AncttJom  found  at  the  Falls  ranges  to  the  rivers 
of  middle  Alabama,  and  occurs  over  all  the  region  of  east  Tennessee,  in  the  larger 
streams.  Coincident  with  this  wide  distribution  there  is  a  great  <Uversity  of  form, 
and  thus  there  has  arisen  a  rather  large  synonymy,  which  it  is  the  purj»oM*  of  this 
study  to  establish.  Not  less  than  twenty  times  has  AnctUosa  pnvrom  been  de- 
scribed by  as  many  different  conchologisls  who  published  from  scanty  material 
and  with  the  understanding  that  every  stream  had  its  own  forms.  My  own  studies 
in  this  connection  are  based  upon  extensive  collecting  over  all  this  wide  region  and 
on  very  large  quantities  (»f  the  shells  of  the  several  si)ecies.  The  material  from 
the  Falls  of  the  Ohio  alone,  which  has  passed  under  observation,  comprises  some- 
thing over  two  bushels  of  shells.  In  the  tjuantity  one  who  does  not  recognize,  as 
\axii  did  not  recognize,  the  modern  notions  pertaining  to  species  and  the  extent  to 
which  they  respond  to  geographic  factors,  might  erect  forty  S|»ecies  with  as  great 
propriety  as  one. 
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A  wonl  or  two  on  the  j<rt*ut  proHigacy  of  ii:itiire  in  thin  form  of  life.  During 
th<'  )»erio<l  of  receding  waters  on  the  Falls,  in  the  fl]>ring  and  summer,  myriads  of 
these  mollusks  an*  left  in  small  pools  and  rills.  Later  in  tlie  sea-son  these  pools 
entirely  dry  up,  and  the  shells,  of  course,  die.  It  is  no  exaggeration  for  me  to  say 
that  a  hundred  wagon  loads  a  year,  for  the  past  three  years  that  thesi'  falls  have 
l»eeii  under  ohservation,  have  i»erished  in  this  way  alone,  and  this  has  annually 
iHTurred  for  eenturii's.  One  is  constrained  to  ask  why  it  is  that  nature  is  so  j>rof- 
lignte  of  life,  and  to  c|uestion  whether,  after  all,  the  ordinary  conception  of  its 
sacredness  is  not  one  which  the  facts  of  nature  do  not  ccmserve.  The  fact  needs 
explanation.  Certain  it  is,  however,  that  if  these  forms  reached  maturity,  and  in 
turn  proiluced  their  kind  in  the  enormous  numbers  that  the  Strepomatids  d(»  re- 
produce, very  soon  the  waters  of  the  river  would  Iw  dammed  by  a  living,  moving 
mass  of  animals,  whi(*h  in  some  situations  arv  so  tenacious  of  life  as  to  have  com- 

pleiely  cM'cluded  large  water  mains  and  led  to  enormous  cost  to  efTect  their  re- 
moval. 


144 


BEPOBT  OF  THE  BOTANICAL  DIVISION  OF  THB  INDIANA 
STATE  BIOLOGICAL  SUBVBY  FOB  1894. 

Lu<'iEN  M.  Under  WOOD,  Dikectok. 

In  presentinjr  ihv  second  annual  report  as  Director  of  the  Botanical  Division 
of  the  I^olo^ical  Survey,  it  is  fair  to  state  that  the  organization  of  the  survey 
all(»ws  no  appropriation  for  carrying  on  the  work,  and  whatever  has  been  done 
by  the  Director  has  been  in  addition  to  the  cares  of  a  laboratory  and  department 
of  botanv.  In  the  present  year  the  Director  was  necessarily  absent  from  the  state 
during  the  entire  summer  and  was  further  prevente<l  from  doing  as  extensive 
rield  work  during  the  latter  part  of  the  year  as  was  planned,  on  Jiccount  of  the 
accumulation  of  work  of  other  kinds  during  the  summer.  It  is  very  desirable 
that  certain  explorations  be  made  in  some  of  the  less  visited  portions  of  the  stute, 
and  iti  order  t»>  do  this  some  arrangement  will  have  to  be  made  to  si'cure  irau:- 
portation  to  these  regions. 

During  the  spring  and  fall  considerable  collections  wen*  nnide  in  the  imme- 
diate vicinitv  of  the  university  (Putnam  C'ountv)  an<l  (luite  a  number  of  :nldi- 
tions  were  made  to  the  list  of  last  year;  the  trip  to  Rochester  during  the  spring 
meeting  of  the  Academy  re*iulted  in  several  additions  to  the  flora.  A  trip  in 
Franklin  Countv  in  November  was  onlv  partiallv  successful  on  account  of  heavv 
rains.  Material  has  been  collected  also  bv  Mr.  K.  W.  Olive  in  Montgomerv 
County,  who  has  made  a  {considerable  number  of  additions  to  the  list  t>f  parasiti«- 
fungi  of  the  sta(i'.  Some  of  my  own  students  have  nuide  small  collection-^, 
notably  in  (Jrant.  ( Jreen  and  Orange  Counties.  With  further  determinations  of 
previ*)usly  collected  materials,  together  with  that  collected  during  the  present 
year,  we  can  ad<l  scmie  [)lants  to  the  previously  published  list.  These  plants,  with 
their  <lata,  are  included  in  Appendix  A  to  this  report.  Mr.  J.  B.  Ellis  has  fur- 
nished descriptions  (»f  three  new  species  of  Finiffi  Impt'ifeeli,  A  list  of  new  h(»st 
{dants  for  fungi  f(»rms,  Appendix  B.  Notes  on  the  previous  report  are  includeil 
in  Appen<lix  ('. 

It  is  desirable  to  obtain  a  coujplete  list  of  the  persons  who  are  willing  to- col- 
lect data  an<l  otherwise  serve  as  correspondents  to  the  survey.  We  ought  to  have 
at  least  one  in  each  countv  of  the  stale  from  whom  reliable  data  can  be  received 
in  regard  to  the  occurrence,  relative  abundance  and  present  status,  of  certain 
plants.  If  possible,  yearly  reports  as  to  the  appearance  of  new  plants,  particu- 
larly weeds,  should  be  received.  The  recent  issue  of  a  bulletin  on  this  subject 
from  the  Slate  P^xperinient  Station  well  illustrates  the  need  of  a  fuller  list  of 
oorre'«p()n<lcuts,  and  as  well  the  immensely  practical  value  of  such  information 
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when  prnperly  collated  and  broiijyfhi  into  its  proper  bearings.  The  fact  remains, 
liowever,  that  these  correspondents  are  for  the  most  part  only  able  to  render 
assistance  on  the  higher  plants.  There  are  very  few  persons  in  the  state  who 
have  the  proper  training  or  who  are  willing  to  make  the  effort  to  collect  the 
lower  plants.  Here  there  is  opportnnity  for  those  who  have  charge  of  courses  of 
instruction  in  the  colleges  to  render  assistance.  It  would  be  of  immense  practi- 
cal advantage  to  many  of  our  botanical  students  to  learn  how  to  recognize  the 
lower  forms  of  plant  life  in  the  field,  and  their  work  in  regions  which  have  not 
yet  been  visited  wonld  add  materially  to  our  knowledge  of  the  distribution  of 
these  plants  in  the  state. 

In  order  to  facilitate  the  recognition  of  the  lower  plants,  and  in  accordance 
with  the  preliminary  announcement  issued  last  year,*  then?  has  been  prepared  a 
series  of  exsiccata*  representing  the  flora  of  Indiana.  The  first  fascicle  ccmsists 
of  100  species  of  parasitic  fungi  so  selected  as  to  illustrate  as  many  as  possible  of 
the  groups  which  prey  upon  the  tissues  of  other  plants.  These  sets  are  to  be  dis- 
tributetl  as  follows  : 

One  set  to  each  of  the  four  colleges  of  the  state  in  which  a  department  of 
b<»tany  exists,  and  in  which  there  is  a  permanent  herbarium  established. 

Three  sets  to  public  institutions  outside  the  state,  where  there  are  large  col- 
lections of  plants  accessible  to  the  botanical  student.  The  herbaria  thus  se- 
lecte<l  are  (1)  the  collection  of  the  Missouri  Botanic  Garden,  St.  Louis;  (2)  the 
Department  of  Agriculture  at  Washingtcm ;  and  (3)  the  Herbarium  of  Columbia 
College,  New  York. 

One  set  to  the  private  herbarium  of  the  Director. 

Other  sets  will  be  reserved  for  distribution  to  other  institutions  of  the  slate 
where  there  is  a  reasonable  eertainty  that  they  will  be  properly  preserved  and 
nia<le  useful  for  reference  to  stmlents;  or  they  will  be  sent  to  indivicluals  who 
contribute  an  equivalent  amount  of  material  re])resenting  the  lower  flora  of  their 
res|)ective  regions.  Some  sets  have  been  use<l  by  the  director  for  the  purpose  of 
exchange  with  persons  outside  the  state,  where  this  could  be  done  in  such  a  way 
as  to  increase  his  facilities  for  work. 

There  are  five  sets  remaining  that  can  be  distributed  within  the  state.  It  is 
the  pur|»ose  of  the  director  to  issue  further  sets  illustrating  other  groups  if  suf- 
ficient encouragement  is  given.  The  ex|>ense  of  the  present  issue,  including 
postage,  envelopes  for  the  specimens,  and  labels,  to  say  nothing  of  the  labor  of 
preparati(m,  has  been  contributed  by  the  director.  If  it  is  thought  desirable  to 
continue  this  distribution,  it   is  recommended  that   the  actual  outlav  of  ukmicv 
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for  the  above  named  incidentals  be  regarded  as  legitimate  expensfs  of  the  sur- 
vey, and  be  paid  for  by  the  Academy.  It  is  also  desirable  to  have  the  labels  in 
further  issues  printed  in  full.  This  will  add  greatly  to  the  a]>pcarance  of  the 
series  without  any  great  additional  expense. 

A  list  of  the  plants  distributed  in  this  first  fascicle  is  appended.  (Appen- 
dix D). 

The  work  on  the  higher  flora,  as  stated  in  the  report  of  last  year,  was  placed 
in  the  bauds  of  Professor  Stanley  Coulter,  who  makes  a  separate  report  on  the  i)roj^- 
ress  of  his  work.  A  set  of  blank  cards  to  be  used  as  a  working  index  in  preparing 
the  final  Catalogue  was  ordered  from  the  I^itanical  Su]>ply  Company,  of  Cam- 
bridge, Mass.,  and  this  is  the  only  expense  that  the  l)ivision  has  asked  the  Academy 
to  meet  during  the  year.  l*rofe8.sor  Coulter  tleserves  the  thanks  of  all  the  botan- 
ical workers  of  the  state  for  the  laborious  work  he  has  alreadv  done,  and  deserves 
the  support  of  every  man  in  the  state  who  knows  even  the  commonest  plants,  in 
order  that  the  catalogue  when  piiblisbed  finally  shall  completely  represent  the 
distribution  of  our  higher  flora. 

It  is  the  intention  of  the  Division  to  publish  from  year  to  year  such  additions 
as  are  made  to  the  Hora  amon^;  the  Archegoniates  and  Thallopliytes  in  order  to 
make  a  permanent  record  of  their  occurrence,  for  it  will  be  many  years  before 
the  lower  plants  of  the  state  will  be  known  with  even  approximate  completeness. 
It  must  be  remembered  that  many  of  the  plants  belonging  to  the  lower  orders  are 
ephemeral  in  their  character,  and  unless  collected  in  their  season  disappear  and 
leave  no  visible  trace  of  their  existence.  Many  of  them  api>ear  in  certain  years 
when  the  condititms  are  favorable  to  their  devehtpment,  and  perhaps  may  not  re- 
appear for  a  succession  of  years.  The  past  few  seasons  have  been  ])articularly  un- 
favoralde  for  the  development  of  the  Heshy  fungi,  esiH'cially  those  that  ap)»ear 
during  the  midsummer.  The  same  is  also  true  with  regard  to  some  that  appear 
in  the  autumn.  As  an  instance  PhaUun  Ravtndii  was  very  abundant  in  the 
vicinity  of  (ireencastle  during  the  latter  part  of  181)1,  but  it  has  not  been  si»en 
since.  It  will  thus  be  seen  that  the  care  retpiired  in  searching  f«»r  the  lower  plants 
is  of  necessity  much  greater  than  in  the  case  of  the  higher  plants,  which  for  the 
most  part  are  perennial  and  of  constant  gn)wth.  It  will  also  be  seen  that  the 
opportunities  for  bringing  to  lij^bt  rare  plants  is  much  greater  among  lower  forms. 
There  is  scarcely  a  low,  wet  piece  of  woodlan<l  where  fallen  timber  is  abundant 
that  will  not  yield  a  rich  harvest  of  species  not  yet  found  in  the  State.  There  is 
scarcely   a    rockv   ravine   that   will   not   vield   additional  brvoi»hytes.      There   is 
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scarcely  a  stagiKint  pond  but  that  will  yield  an  abundance  of  algae  which  have  as 
yet  been  scarcely  toncJied  in  this  region.* 

The  great  need  is  for  students  who  have  the  patience,  the  perseverance  and  the 
fortitude  to  make  a  special  study  of  some  of  these  groups  that  are  waiting  for 
the  enthusiastic  collector. 

In  conclusion,  it  is  desirable  to  extend  thanks  to  those  who  have  aided  in  the 
pri>!recution  of  the  work  of  the  survey.  Especially  would  we  mention  Me^rs. 
Ellis.  Peck  and  Morgan,  for  the  continuance  of  favors  in  determinations  and  for 
the  communication  of  other  material  assistance  in  the  work  of  the  survey.  To 
my  assistant,  Miss  Mary  E.  Wright,  for  the  very  laborious  work  of  preparing  the 
Jal>els  for  the  exsiccata».  And  finally  to  the  management  of  the  Vantlalia  and 
Big  Four  Railroads  for  favors  extended  to  the  survey,  that  have  made  more  ex- 
tensive Held  work  possible. 

APPENDIX  A. 
lilST  OF  ADDITIONS  TO  THE  STATE  FIjOBA. 

MTXOMYCBTBB. 

• 

ARfYRiA  MINOR  Schw.     Putnam,  5,  1894  (Paul  Burlinganiush 
Hemiarcyria  FrxALis  Morgan.     Putnam,  10,  1804. 
Physari'M  atrum  Schw.     Tippecanoe,  (>,  ISIK'J  (Arthur). 
PiiYSARUM  POLYMORPiii'M  Mout.     Grant,  7,  1804  (Mary  Wright  j. 

ASCOMYCETES. 

1)[S<()MY(ETES. 

Das^yscypha  vihoinka  (Batsch)  Fckl.     Putnam,  9,  1893. 

Macropoi>ia    Macropis    (P.)   Fckl.     (Peziza  macropui*.   P.)     Putnam,   o,   1894. 
(Fred  Howe.) 

Sph.kriace.k. 

<'ARV<»SP0RA    PITTAMINITM  (S. )  Dc  Not. 

On  Peach  Stones,  Putnam,  .'),  1893. 

DiATRYPKLLA  (KPHALANTHI  (S.)  Sacc. 

■^Oiie  of  the  great  «lrAwWackj^  in  the  study  of  the  alga*  is  the  lack  of  proper  references. 
The  director  is  pleased  to  announce  that  he  had  secured  n  s^et  of  Rahenhorst'8  Die  Alifen 
JSTiirofKrtf  (includintr  over  'l/AlO  specimens  of  algtc  ex^iccata:):  and  shall  be  glad  to  make 
them  useful  to  studcntf  who  wish  to  consult  theui.  These,  with  the  two  series  of  American 
«xsiceata  ii»8ued  during  the  present  year,  scU*  of  which  are  now  in  the  herbarium  of  the 
<lirector,give  fiiirly  pood  opportunity  to  compare  our  local  forms. 
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On  CVphalanthutt  occulentalis,  Putnani,  12,  1892. 

El'TYPELLA    PLATAN!  (S.)  Saco. 

On  Sycamort',  Putnam,  5,  1893. 
Hypoxylon  PETEiL*iii  B.  and  C.     rutnam.  11,  1894. 
Hypoxylon  sassafras  (8.)  Berk. 

On  Lindera.  Putnam,  12,  1894. 
Nummular! A  repanda  Fr.     Putnam,  7,  1893. 

8PHAERELLA   THALKTRI    E.   and  K. 

On  Thalictrum  dioicum,  Montg«)mery,  — ,  1894  (Olive). 
Tremato  pertusa  (P.)  Fokl.     Owen,  5,  1893. 

I)OTHII>IACE.K. 
DOTHIDKA  (^OLLECTA  (ScllW.)  E.  tXi  E. 

On  Osage  orange.     Putnam,  o,  1892. 

D(>TH!DEA  LlNDER.K  Ger. 

On  Lindera  Benzoin.     Putnam,  10,  1893. 

FUNQI  IMFIDBFAOTI. 

SPH,KKOi»SIDK.K. 
CoNIOTHYRIUM   CONCENTRICUM  DeBUl. 

On  Yucca  (cult.)     Mtmtgomery,  o,  1894  lOlive). 
PhYLIXWTKTA  CHENOPO!)!!  West. 

On  Chenop<Mlium  album.     Montgomery,  1894  (Olive). 
PhYLL(>ST!(TA  DFXMOD!!  K.  &  E. 

On  Desmodium  rotundifolium.     Montgomery,  1894  (Olive). 
Phyllostkta  LA!iRU8<'.E  Tliuem. 

On  Vitis  lahruKca.     Montgomery,  1894  (Olive.) 

PHYLliOSTICTA  MArROei'ORA  E.  tV  E. 

On  Liriodendnm  tulipitVra.     Wabash,  8.  1892  (Miller). 
PhYLLOST!«TA  P0D0P!!YJ.LI  Wiut. 

On  Podophyllum  peltatum.     Montgomery,  1894  (Olive). 

PHYLIiOSTUTA  ROS.E   iX'Sm. 

On  Rosa  setigera.     Montgomery  7,  1894  (Olive). 
Phyllostkta  8<)litak!s  E.  iV:  E.,  n.  sp. 

On  Pirns  coronaria.     Montgomery,  10.  1893. 

PlIYLIX)8TI<'TA  SM1LA(!S  E.  &  M. 

On  Smilax  rotundifolia.     Montgomery,  9,  1893  (Olive). 
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>?KPTORIA  AGRIMONM-:   HoUIIl. 

On  Agriiuonia  Eupatoria,  Montgomery,  (J,  1894  (Olive). 
Skptoria  calystexji.e  West. 

<>n  Convolvulus  sepium,  Putnum,  6,  1894. 
8KPTORIA  CERASTii  Rob.  and  Desni. 

<)n  Cerastium  sp.,  Putnam,  5,  1894. 

%SeI*TORIA  ('ON80CIA  Pk. 

On  Polygala  senega,  Montgomery,  O.,  1894  (Olive). 
»Sei^oria  crvptot,kni.e  E.  and  Ran. 

On  Cryptolu»nia  Canadensis,  >[ontgomery,  1894  (Olive). 

8E1TORIA  KRKjKRONTIH  Pk. 

On  Erigeron  annuus,  Montgomery,  1894  (Olive). 

On  Erigeron  Philadelphicus,  Montgomery,  1894  (Olive). 

J^EPTORIA  HEl'CHER.K   PaSS. 

On  Henchera  Americana,  Montgomery,  4,  1894  (Olive). 
Sei'toria  piricola  Desra. 

On  Pirns  communis,  Tipiiecanoe,  9,  1892  (Arthur);  Putnam,  10, 1892;  7,  1893; 
Montgomery,  9,  1894  (Olive). 
7  Seitoria  PHIXK4IS  Sacc.  and  S|:>eg. 

On  Phlox  divaricata,  Montgomery,  1894  (Olive). 
Septoria  itele.k  E.  and  E. 

On  Ptelea  trifoliata,  Montgomery,  9,  1894  (Olive). 
Septoria  recurvata  E.  and  Halst. 

On  Trillium  erectum,  Montgomery,  1894  (Olive). 
.Septoria  sambucina  Pk. 

On  Saml)U('us  Canatlensis,  Montgomery,  1894  (Olive). 

SEP'n)RIA  S<:ROPIll^LARf.E   Pk. 

On  Scrophularia  nodosa,  Putnam,  10,  1893;  Montgomery,  1894  (Olive). 
Septoria  stapiiysa<jri^:  Wint. 

<  )n  Delphinium  tricorne,  Vigo,  5,  1893. 
Seitoria  i'Rtic.e  Desm. 

On  Laportea  Canadensis,  Montgomery,  1894  (Olive). 
Vermicularia  LiLiA('i<LARrM  Ursd.     Fulton,  10,  1893. 
Vermicularia  viol.e  E.  and  E.,  n.  sp.* 

On  Viola  cucullata,  Montgomery,  1894  (Olive). 


'^Vrrnicv LABIA  vioL.K,  E.  and  E.  Od  leaves  of  Vwla  ct<eu/^fa,  Canada  (Dearness), 
Indiana  (E.  W.  Olive).  Epiphyllous  or  subglobose  or  irregularly  shaped.  White  spots  2  to 
^\  mm.  in  diameter.  Perithecia  punctiform,  clothed  with  straight,  black,  obscurely  septate 
bristled  75-150x3)4'4  r.    Sporules  fasoid,  hyaline,  sliffhtly  carved,  15-20x8  i>. 
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HVPHOMYCETES. 


Cercospora  amphakodes  E.  and  H. 

On  Phlox  (livHrioata,  Montgomery,  1894  (Olive). 
(.■ERr(>si»i)RA  ARMORAci.i*:  Sacc. 

On  XaBturtiuni  arnioracia,  Montgomery,  1>,  1893  (Olive). 
Cercospora  caulophylli  Pk. 

On  Caulophylhim  thalictroides,  Montgomery,  1894  (Olive). 

CERr(XsP()RA   CLKX)MI8   Ell.   *&  Ilalst. 

On  Polanisia  graveolens,  Montgomery,  9,  1894  (Olive). 
Cercospora  NASTURTii  I^ass. 

On  Nasturtium  otKcinale,  Montgomery,  10,  1893  (Olive). 
Cercospora  polyijonori'm  Oke. 

On  Polygonum  hydropiper,  Putnam,  10,  1893. 

On  P.  Muhlenhergii,  Montgomery,  1894  (Olive). 
('ercohpora  sordida  Sace. 

On  Tei'oma  radit'ans,  Putnam,  9,  1S93,  Montgomery,  10,  1893. 
DiDYMARIA   KULVA  E.  End  E.,  n.  sp."^ 

On  Dioscorea  villoma,  Montgomery,  1894  (Olive). 
Epk.'otcitm  xeolectum  I)e«m. 

On  Sanguinaria  canadensiK,  Montgomery,  6,  1S94  (Olive). 
MoNiLiA  siToPHiF.A  (Mcmt.)  Sacc. 

On  corn  oobs.     Putnam,  4,  1S95  (Melia  Ellis). 
OiDiiiM  MECJALOiSPORi'M  Berk.     Vermillitm  9,  1889  (Arthur). 
Phoma  olandkola  Desm. 

( )n  acorns.     Vigo,  5,  1893. 
Ramularia  variabilis  Fckl. 

On  Verhascum  thapsus.     Montgomery,  1H94  (Olive). 
Seitonema  spilomeum  Berk.     Vermillion,  9,  1889  (Arthur). 


*  l)ii»YMAHiA  Ki  r.VA  K.  ami  K.  On  leavt's  of  Dinncorca  riUnnay  Crawfordgrille,  lnd.» 
July,  18i»4  (E.  \V.  Olive),  llypophylloutf  fonninK  Hinall  yellow  putches,  iniule  up  of  i-losely 
(crowded  tiift>  of  fusoiti  or  narrow  ovntc,  uni!<eptiito,  hyaline  conidia  12-22  (mostly  1-V20)  x 
.Vf)  I'.,  T'traiKlit  or  slitrhtly  ourved,  and  often  oon.^trioted  at  the  septum.  Ifypha'  ahort, 
hardly  <lii<tinKuishahle  from  the  conidia.  The  .^horrcr  conidia  are  also  the  broader  ones,  and 
are  mostly  obtuse  at  one  end,  while  the  lonKcr  onen  are  generally  acute  at  both  encU.  Differs 
from  the  usual  type  of  Didyinnna  in  its^  yellow  e(dor  and  short,  nlmo.«t  obsolete  Wasidia, 
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Melanconie.*:. 

CyLINDROSPORH  M  OFFICINALE  E.  &  E.,  II,  Sp.* 

On  Saponaria  officinalis.     Montgomery,  5,  1894  (Olive). 

BABIDIOMYCBTSB. 

Uotilacjine^:. 

Entyloma  sank  rL.K  Pk. 

On  Sanicula,   Putnam,  5,  1893. 

SciIIZONELLA    MELANOURAMMA    (  D(.\ )  Schrt. 

On  Carex.  sp.,  Fnlton,  o,  1894. 
Trocystis  ceiml.k  Frost. 

On  onions  in  market,  Putnam,  12,  1893. 

Uredine-V. 

yKciDiFM  roMPOsiTARi'M  Mart. 
On  Eupatorium  perfoliatum,  Montgomery,  1894  (Olive). 
On  Lactut'a  Canadensis,  Montgomery,  1894  (Olive). 

^I'^'IDIFM   KRKJERONATl'M  Schw. 

On  Erigeron  annuus,  Montgomery,  6,  1894  (Olive). 
.Fx'iDirM  nat.k.k  Arth.  and  Holw. 

On  Napji-a  dioica,  Tippecanoe,  0,  1889  (Arthur). 

^l-k'IDirM    TIIAI.KTRI-FLAVI    (DC). 

On  Anem<mella  thaiictroides,  Montgomery,  1894  (Olive). 
PrcriNiA  FUSc'A  I  Relh. ),  Wint. 

On  Anemone  nemorosa,  Fulton,  5,  1894 

PUCCINIA    OHTECTA    Pk. 

On  Scirpussp.,  Marshall,  10,  1893. 
On  Scirpus  lacustris,  Montgomery,  9,  1893,  (Olive), 
Puccini  A  i»iiv8<)ste(;i.k  Pk.  and  Clinton. 


'•  ('Yr.IM>KosPORriM  OFFlCrXALK  K.  A'  K. 

On  leaivcs  of  ^pnnario  nffirinolin.  Cniir/ordtpHU,  In«l..  Mny,  ISiM  (K.  W.  Olive).  S|)Ot> 
nuiiiciroii.-.  SinaN  i\-V<i  mm.),  dark  brown,  with  a  purplish  shaded  border,  some- 
time!^ <-onriiiont.  Acervuli  epipbyllous,  numerous,  subcircinate.  Sporules  filiform. 
sHfrlitly  cnrNctl,  rontinuous,  30— M)xl*i— IVi  i'»  issuing  in  white  cirrhi. 

Septorin  Sttpoimrin'  is  nil  subindefinitc,  j'ellowish  tfpots,  aud  has  true  perithecia  with 
>poniles  -k)— iV^x.'^Va — ^Vi  »'»  "nd  is  a  wry  different  thing  from  this. 

Olffindrft-poritiiii  S(ipu,i>irin ,  Roum.,  i«  on  large,  grayish  green  spots,  and  has  ooni*ii:i 
l(»-40x:i-A  I . 
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On  Physostegiu  Virginiiina,  Marshall.  10,  lSi>3. 
Uromy<'ES  Ki'DRECKii  Arth.  and  Holw. 
On  Rudbeckia  laciniata.  Montgomery,  1804  (Olive). 

Tremklline.k. 
(ilTKriNiA  ELEGASS  15.  and  C.     Putnam,   12,   1894;  Marion,  1,   lS9r>  (KuatriKht). 

HYMBNOMYCBTSB. 
THELErilORE.K. 

CoRTHiiM  ocHROLENCUM  siUMEiM  H.  and  Rav.     Putnam,  10,  1893. 
ExoBAsiDiUM  VACCiNii  (Fckl.)  Woron. 
On  Vaccinium  sp..  Brown,  5,  1893. 

HVMENOCH.ETE  CINERASCES  S.       PutuaUl,  12,   ISIH. 

IIymenoch.kte  RUBiGiNCKtA  Schrad.     Putnam,  1(»,  18iH  ;  4,  1892;  10,  1893. 
Sterei'M  siupileatum  H.  and  C.     Montgomery,  4,  1892. 

Hydnki. 

(rRANDiNiA  TiHERciTLATA  B.  and  C.     Putnam,  10,  1893. 
Hydni'M  memiiranacecm  Bull.     Putnam,  11,  1894  {R.  Norton). 
KADrLi'M  6|imcrLARE  Ft.     Putnam  10,  1893. 

PoLYPORINE.K. 

PoLYWRra  BTFORMis  Fr.     Putnam,  10,  1892. 

PoLYi*<)RiTS  URrMALiH  Fr.     Putnam,  12,  1894. 

Poi.YPORUS  ciiiONEi's  Fr.     Putnam,  10,  1893. 

Poi-YPORUa  ITNEREUS  S.      Vigo,  10,  1893. 

PoLYPORis  EPii^EUcrs  Fr.     Putnam,  7,  1894. 

POLYiHjRus  FERRioiNosrs  St?hra<l.     Vigo,  10,  1893. 

PoLYPORi'S  GALACTiNTs  Berk.     Putuam,  10,  1894. 

P()rA'i»ORr8  Lrcinrs  Fr.     Putnam,  10,  1894;  Vigo,  9,  1894  (Blatehleyi:  Greene, 

8,  1894  ( Mvrtle  Ilavs). 
PoLYPORUs  NiDULANs  Fr.     Putuam,  10,  1891;  10,1893. 
PoLYPORrs  prRPURErs  Fr.     Putnam,  10,  1893. 
PoLYi»oRU8  RENiFORMis  Morguu.     Putuaui,  4,  1895. 
PoLYPORis  !!iALiriNUH  Fr.     Putnam,  12,  1891;  12,  1S94. 
PoLYPORi's  .sALMO.vicoLOR  B.  an<l  ('.     Putnam  12,  1894. 
Poly  PORTS  sriiAciDL's  Pk.     Putnam.  4,  1893. 
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PoLYPORUS  SUPINUS  Fr.     Vermillion,  4,  1893  (Arthur). 
PoLYPORUS  RAPORARIU8  Pen*.     Putnam,  12.  1894. 
PoLYPORUS  vuuiARis  Fr.     Putnam,  10,  1892;  4,  1893. 
Trametessepu'M  Herk.     Putnam,  10,  1891;  10,  1893. 

AOARICINEiK. 

1'landopus  NIDITLAN8  Pers.     Putnam,  12,  1894. 
<'repidotus  H.ir!R£N8  Pk.     Putuam,  6,  1893. 
Lepiota  Friesii  LhsoIi.     Putnam,  10,  189.^. 
Lepiota  rubrotincta  Pk.     Putnam,  10,  1893. 
PLKrRonis  APPLICATU8  Batseh.     Putnam,  12,  1891. 
Plkurotus  sAPiDi'S  Kalchbr.     Putnam,  11,  1894 
Stropiiaria  steroorabia  Fr.     Putnam,  10,  1891, 
Lentinus  ttgrinth  Bull.    Vigo,  10,  1893. 
Lentini'R  vi'LPiNUS  Fr.     Putnam,  12,  1894. 

QA8TBOMYCBTE8. 

LvcOPERDACEiE. 

<tEasjtkr  MINIMI'S  S.     Mouroe,  12,  1894  (R.  Norton). 
Lycoperdon  Ci'RTi*!!  Berk.     Tippecanoe,  10,  1894  (Arthur). 
Lycopkrdon  echinatum  p.     Vermillion,  8,  1889  (Arthur). 

BBYOPHTTA. 

R1CCIACE.E. 

> 

RicciocARPUS  NATANS  (  L. )  Corda.     Montgomery,  3,  1895  (Olive). 

Marchantiacej-:. 
Tatxularia  cru<iata  (L.)  Dumort.     In  green  houses,  Tippecanoe,  3,  1895. 


APPENDIX  B. 

ADDITIONAL  LIST  OF  HOST  PLANTS  OF  FUNGI,  ISM. 

1'acalia  reniformls  (Septoria  caealia').     Montgomery,  1894  (Olive). 
Cardamine  riiomboidea  (Alhugo  Candidas).     Montgomery,  1894  (Olivet. 
<.'RATAE(iUs  cru8-<;alli  (Rositelia  lacerata).    Montgomery,  1894  (Olive). 
Helianthi:s  strcmosus  ( Rrysiphe  cichoracearum).     Montgomery,  1894  (Olive). 
Lactica  scariola  (Septoria  lactucw).     Montgomery,  1894  (Olive). 
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PoLY(;ON!'M    HYDROPiPEROiDEg   (SeptoHa    polygoiioruin).       M<nit^oiui*rv,     1S94 

(Olive). 
PolY(;oni:m  MiHLENBEiUiii  (Septoria  polygonoriim).     Montgomery,  1894  {<  )live). 
R1BE8  FLORIDUM  (.Etridium  groHsiilariie).     Montgomery,  1894  (Olive). 
SouDA(iO  ARGi'TA  {^Eeiilium  asterum).     Montgomery,  18iU  (Olive). 
Triodia  cuPR-tA  (Pm-einia  emaeulata).     Montgomery,  1894  (Olive). 
ViTi.s  RIPARIA  (Uneinnla  neeator).     Montgomery,  1894  (Olive). 


APPKN'DfX  C. 

NOTES  ON  THB  SPECIES  REPORTED  PREVIOUSLY. 

1.  MrTixi^s  CANINI'S   (p.   (>3).     The  species    reports!    under  this    name    is    M. 

Rarendii  B.  t^  C  aeeording  to  Mr.  Morgan. 

2.  PrcciNiA  iNDisiATA    Diolel  iS:   Holway  imd  ([}.  54).     This  species  has  since 

heen  described  under  the  name  of  P.  niffnnrhta  Kllis  «S:  Tracy  (^IJnll.  Torr. 
Bot.  Club,  22:60,  K.  1895),  which  latter  name  being  the  first  iMil)li8he<l 
will  have  priority.     This  is  one  of  the  si)ecie8  distributed. 

3.  DoTJiiDELLA  I'LMi  (p,  42)  should  be  Dothublh  m/w<.'«  (8chw. )  E.  iS:  E. 

4.  KiiYTiHMA   PRINI   (p.   3$)  is  R.   lLich'C<vMdfni<iA  S.,   according  to  Mr.   Ellis. 

This  is  correctlv  nanuMl  in  the  distribution, 
o.     The  ExoASCl's  (p.  34)  reported  on  (htnju  Viniiuxca  is  Taphnua  ]'ir(jinicn  Sade- 
beck  &  Seymour,  a<'cording  to  Prol.  Atkinson. 


APPENDIX  D. 


LIST  OP  PARASITIC  FUNGI  DISTRIBUTED  BY  THE  INDI- 
ANA BIOLOGICAL  SURVEY.    DECEMBBR, 
1894.    SERIES  1.    No.  1-100. 


1. 

3. 
4. 

5. 
<i. 
/ . 


U*iila(fu  anonmla  J.  Kuntze. 
UniUayo  avenw  (P. )  .Jensen. 
Untiimjo  panici-f/iauci  ( Wallr. )  VV 
Ustilago  tritici  (P.)  Jensen. 
UiftUayo  HahenhorstiaiuL  Kuehn. 
UxtUayo  syntheriumtf!  (S. )  Pk. 
UMUago  znt-mam  (IK',  i  Wint. 


8.     EiityloHta  physalUlii'  (K.  and  ('. ) 

Wint. 
i).      TiJ/tiia     .^truc/oitniK      (  \Vcst<l.  ) 

Wint. 

10.  Sehisoneila   mflnnoijrnnniia    (IH-. ) 

Schrt. 

11.  Puc'inki  nyuthn  P. 


15.> 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
23. 
24. 


25. 


26. 


27. 


28. 
29. 
30. 
31. 

33. 
34. 
35. 

36. 
37. 
3H. 


39. 


40. 
41. 
42. 
43. 
44. 
45. 

4r,. 


Pufrinia  obfrrto  Pk. 
Piicciuia  phf/soite(fi(V  P.  an<l  C 
Purcintft  tjramiHiat  P. 
Ptiecinia  pixiophifUi  S. 
Puccinia  ranthii  S. 
Purcmia  galii  { P. )  Wint. 
Puccinia  riofn'  (St'hiim. )  DC. 
Puccinia      interstitial  is      {  8<'ht. ) 

Tranzs. 
Puccinia  ItMitv  Ger. 
Puccinia  rontvlvuli  (P.)  Cast. 
Pu/:rinia  r/irici,'*  (Schiiin.)  K*b. 
Puccinia  niai^dia  Carr. 
Puccinia  tamifcti  DC. 
Puccinia  Dai/i  Clinton. 
Pucciniii  pnli/goni-amphibii  P. 
Puccinia  indaaiata  Diet,  and  Hoi. 
Puccinia  circmr  I*. 
Pucrinia  emacnlafa  S. 
Puccin  ia  vern  oninS. 
Puccinia  Interipe.^  B.  and  Kav. 
Puccinia  (inffunfata  Pk. 
Puccinia  andiofwgi  S. 
IJromyccHlerelfinthi  (DC.)  Wint. 
TJrov\yct.<  h»'diiAari'paniculatl    (8) 

Karl. 
Unmijfccs  Hou'ti  Pk. 
Uroinycus  junci  Tul. 
Urnmifctn    trijolii    (A.     and     S. ) 

Wint. 
Uromycts  leupcdcxc.  (S. )  Pk. 
Uroiitf/rcit  appendicuhita  (P.)  1a»v. 
Ihoniycru polygoni  (P.)  Fckl. 
Ui'omyr<'.<  hyperici  (8. )  Curt. 
Uromycett  cALphnrhur:  C.  and  I*. 
Uropyxis  amorp/tw  (Curt.)  iSrlirt. 
G-ymnoitporangium  glijhoanni   Farl. 
G ymiioitporangi inn  laacropuH  Link. 


47. 


48. 


49. 
50. 
51. 
52. 
53. 
54. 


55. 


56. 


5/. 


5K. 
59. 
60, 
61. 
ti2. 
63. 
64. 
65. 
(>6. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
/6. 
i  < . 

78. 
79. 
80. 


Phr^tgniidium     fragario-    (DC.) 

Ro88n). 
I^iragmidium  snbcorficium  (Schr.  y 

Wint. 
Melampsora  fudicina  Li*v. 
Mclamp»ont  popnlinn  (J acq. )  Ix»v» 
Ciroma  agrimonio'  S. 
Uredn  iridin  DC. 
Uredo  polypadii  (  P. )  DC. 
CoifOKporium  nonchi-arvenj^is   (P.  V 

^■Ecidium  ranuncuii  S. 
^Ecidium  mmhuci  S. 
^"hJcidium  puMuIatum  Curt. 
^I^jcidiuni  gromfulana  DC. 
^Ecidium  cuphorhiir  S. 
liasidia  lac  f  rat  a  {  Sow. )  Fr. 
f  ^ncinula  parmda  (. .  A*  P. 
Uricinula  aatirts  (  IX-. )  Wint. 
Unrimda  genicuiata  Ger. 
Vncinula  nutcn^pora  Pk. 
Uncinuia  circinata  C.  iS:  P. 
Uncimtia  necator  (  8. )  Burr. 
Uncinuia  fiexuaw,  Pk. 
I.'ncinuia  Clintonii  Pk. 
Sphivrotheca  cojutagnei  Ia'V. 
i^phtirotheca  phytvptophita  K.  cS:  S. 
Spkoi'itthew  kumuli  (  IK'. )  Burr. 
Kryniphe  galeopHidia  DC. 
Eryi*iphc  communis  (Wallr.)   Fr. 
Erysiphe  liriodendri  S. 
Pintosphirra  hiuncinata  C.  tVi  I*. 
Podonpfyrra  ojyacarUkn  (DC.)  By. 
Microitphnra  granttid-ario   (Wallr. ) 

Ia'V. 
MicroHph'ira  erincophila  Pk. 
Micrtn^phivra  Ravenelii  Berk. 
MicrOi*phi*ra  xyniphoricarpi  Howe. 
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81.  Mirronphtrra  Ru89ellii  Clinton.  i>2. 

82.  Micrwpfurra  qnereina  (  S. )  Burr.  93. 

83.  Mlcrosphin^a  elevcUa  Burr.  94. 
S4.  Mierospha-ra  «emiiotta  \\.  &  C.  9o. 
%»).  Mirrmphtrra  alni  (  DC'. )  Wint.  96. 
8().  Pfiylluctinia  jmffuita  {  Reh.)  Sarc.  97. 
87.  Lefttosffoma  hypophyllinn  B.  A  Rav.  9S. 
8S.  TthytiBuux  audromeihv  (  P.)  Fr.  99. 

89.  Rhytiama  UieiJi-CanadenHU  S.  1(K). 

90.  Rhytimna  acerinum  (  P. )  Vr. 

91.  Cei'co»pora  effuw  (  B.  i^  C. )  E.  &  E. 

Orkencastle,  Ind.,  IX'cember  25,  1894. 


Ceirwpora  pofygonorum  ( -ke. 
Septoria  racalirr  E.  &  K. 
Septona  xcrophnlaritv  Pk. 
Septoria  pincola.  Desm. 
Phyliodicta  wfimhur  E.  &  K. 
PhyUo^tirta  imvitr  Desni. 
Albugo  candidiiJi  (  P. )  Kimtze. 
Alhngo  aviaraiiti  (S. )  Kuntze. 
f^a>tmoftara  gertinii    (  Pk.  i    B.  iSt 


FLORA  OF   HAMILTON  AND   MARION  COUNTIES, 

INDIANA. 


HY   (fUY   WFLHON. 


Thiri  liHt  is  only  preliminary,  several  of  the  fnmilies,  notably  (Traiuineiv  and 
Cyperacea',  being  very  incomplete. 

The  SalicaceH*  have  not  been  very  .satiitfacrtorily  studied. 

Plants  which  are  not  represented  in  my  Herbarium  but  can  be  collected  are 
marked  thus:  $. 

If  doubtful  if  thev  can  l>e  collected,  thus:  * 

I 

All  Fungi,  Musci,  HepaticH*and  Lichenes  were  collected  in  Hamilton  County. 
Other  names  followed  by  Hamilton  County  or  Marion   County  were  found 
only  in  that  county.     Otherwise  they  are  common  to  both  counties. 
(  Jbkencastle,  Ind.,  May  23,  1S9.5. 


LrClIENES. 

Parmelia  caiterata  {  L.)  Ach.     Common. 

wf .ro/i/is  ( L. )  Fr.     Bock.     Common. 
Ramalina  cuHemria  (  L. )  Timber.     Common. 
«SfiW«  amp/iKKi wia  ( Scop.  I  Mass.     Timber.     Common. 

pnhivonaria  (\j,)  \v\\.     Timber.     Common. 
Uxm-a  harfnita  (  L.  i  Fr.     Timber.     Cnminon. 
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FUN(iI. 

Clavictps  purpurea  {¥r.)  T\\\.     On  Rye.     Common. 

XylurUi  poii/morpha  (  Pere. )  (.irev.     Kare. 

PhyllarKora  (/raminis  (  Pers. )  Fckl.     On  Cinna  urundinaeea.     Common. 

Ustilafjn  Zeu-mnya  (  D.  C. )  Wint.     On  Zea  mays.     Common. 

Puccinia  indusifa  Deitl  tVr  Holway.     On  Cyperus  strigosus.     Common. 

interntitialis  (Sc'lil.)  Tranzschel.     On  all  sp.  of  Kubus.     Very  common. 
Dtvdalea  confragosa  Bolt.      Rare. 
Lenzites  betuJina  (  L. )  Kr.     Common. 
^  Polyporua  A^iJphiireun  {HuU.)  Vr.     Common. 

(ipplanatuH  Willd.     Common. 
TranietCf'  ciyiibarina  {J ',iCi\.)  Fr.     Common. 

IIepatic-k. 

Jiicna  i1ui(anf(  Jj.     Ponds.     Rare. 
ContKxphalns  conicui*  (  L.  ^  Durmort.     Rare. 
Mnrrhantia  poii/murpha  L.     Rare. 

Mrsci. 

Anomoihm  ntslratus  (  Hedw.  j  Schrimp.     Common. 
Clamaciuui  Aineriramun  Brid.     Rare. 
Drummondia  r/avelluta  Hook.     Common. 
Fuimriii  hyyrometrica  (  L. )  Sibth.     Common. 
Hypmnn  cnprrMiftninie  L.  Common. 

ft*'ipeiui  L.     CoMinion. 
Mnium  rnnpldatnm  lledw.      Rare. 
Physcomitrum  turbinatuin  (Miehx.)  Brid.     Common. 
Polytrirhium  Oftioeuse  Ren.  and  Cardot.     C(minion. 
letraphiK  pellucida  Hedw.     Common. 

OpH  I0<UX)68ACE.K. 

Botn/ckium  ternatnin  Sw.     Rare.     Hamilton  Countv. 

Viniiniitnum  (  L.)  Sw.     Rare.     Hamilton  County. 

FlLICES. 
Adiantniii  ptdalum  \j.     Common. 

Pterin  wjui/ina  L.     Very  rare.     Hamilton  County. 

AfpUniuin  (irrtntfichoidrs  Sw.     Common.     Hamilton  County. 

((tiffii'*ti folium  Michx.     Common.     Hamilton  Countv. 
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Pha/opteris  hexayonoptera  (Michx.)  Fee.     (\mimon. 
Dryttph'rU  acroMiehoide»  (Michx.)  Kuutze.     Conmion. 

lipiuvhisa  intermedia  (  Muh].)  Underw.     Coiniiion.     Ilaiuilton  County. 
Thehtpteris  (  L. )  A.  (rray.     Very  comiuon.     Hamilton  County. 
CifulopteriH  bulhifera  (J..)  Bernli.     Very  rare.     Msirion  C<»unty. 

fragiliA  {L.)  Bernh.     Very  common.     H. 
Onocien  seuaibilU  L.     Verv  common. 
(hniimda  regalin  L.     Very  rare.     Hamilton  County. 

All  plants  of  this  an<l  the  preceding  order  are  known  as  ferns. 

E<iui«FrrACK,K. 

Eipiisefum  attenxe  L.     Very  common. 

hynnah  L.     C^>mnion.     Hamilton  County. 

CONIFER.K. 

Thuja  riccidentalU  S.     Very  rare.     Hamilton  County. 
■Juni}x'rutt  Viifjinwna  L.     Common. 

Typhace.k. 
Ti/pha  latijoiia  L.     Common. 

SpAIWJAXIArE.K. 

iSparganiuui  *ur}/rarpum  Enj^elm.  in  A.  (rray.     Common.     Hamilton  County. 

Alismace.i?:. 

Alisma  Pluntago-ouiualica  L.     Common. 
Sagifan'a  Uitifttliu  Willd.     Common. 

lotifoliu  puhescens  (Muhl.)  .J.  G.  Smith.     Common. 

(tRAMINE.E. 

Panicum  ntpiUmr  L.     Common. 

Cnu*-(fijdl{  L.     Common. 

iniHfpiiiia/e  L.     Very  common. 
{^hamnruphvi  ylancd  (}..)  Kuntze.     Very  common. 

vindiH  (L.)  Porter.     Common. 
Phlemn  prafenne  L.      Very  common. 

Alopenirns  geniculatuHfulnij^  (J.  E.  Smithi  S<Tibn.     Rare.     Hamilton  County 
^inna  unnidimieen  L.     Conrmon. 
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\  Agrik<t{i<  iilbd  vulgariif  (Witli.)  Thiirh.     Bare. 
Krnffrottiui  Jiragiin*(l.t  (Ij.)  Karst.     Common. 

Major  iHotit,)     Common. 

FmnA-ii  (  Stenc I.)     Common.     Hamilton  Countv. 
ThutiJiK  glnvviata  L.     Common. 
^   Poa  Prateiws  L.     Very  commcm. 
^  Bromuif  feraliiiva  L.      Verv  common. 
Jfi/)ftnx  Hifiifrix  {L.)  Mi\U\).     Common. 

Cyi»eracej:. 

i?yi>€i  nx  nfriffOinis  L.     Common. 

Kltitrlutii*  oiHitii  (Koth. )  Roem.  and  S<*hult.     Common.     Hamilttm  County 

*SrirpNs  Americdiiui*  Perg.     Kare.     Hamilton  County. 

atrnrireiiii  Mulil.     Common. 

njpemtuit  {L.)  Kunth.     Common. 

lacuhtriA  L.     Common. 
i^arej-  pidtifphjflld  Carey.     Common. 

Arack.k. 
'^   A'^trns  Calamus  I..      Kare. 
Spathj/tma  j'otUla  I  L. )  Kal.     Common. 

Ari.«inna  Drarontunn  (  L. )  Seliott.     C(Uumon.     Hamilton  Countv. 
iryphyUum  (  I^. )  Torr.     Common. 

COMMKLINACK.K. 
Tra<h)<cant ia  Vin/inuina  (  \^.)     Common. 

JUNCACK.K. 
Juncus  Uniiin  WilM.     Verv  rommon. 

I.ILIACE.K. 

Vrtatnim  TlW/u  Kohhiiis.     Verv  rare.     Hamilton  Countv. 

Umlaria  (/randijhmi  .1.  F.  Smith.     Common. 
^  Allium  Cauadi'iiae  L.     Common.     Hamilton  County. 
J  >tricfircain  \\i.      Kare.     Hamilton  Countv. 

^  LUium  PhUatlclphirum  L.     Very  rare.     Hamilton  County. 
Erythronium  alhidiim  Nntl.      Kare. 
Aun'i'iraniini  Ker.     Common. 
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CamcutRia  Fraseri  (A.  (iray  )  Torr.     Common.     Hamilton  County. 
§  Asparagw  officinalis  L.     Not  common. 
Vaqnem  raeemotta  (  L. )  Morong.     Common. 

ftellata  (  L. )  Morong.     Very  rare.     Hamilton  County. 
Pulygonntum  hijiorum  (  Walt.)  Ell.     Very  common. 

bijloruin  commatatum  (  K.  iS:  S. )  Morong.     Very  <'ommon. 
Trillium  errctum  L.     Common.     Hamilton  County. 

recurmtuni  lU'ck.     Verv  common. 

Smilace.k. 

Smiiax  herbttcCfi  L.     Common. 

ro(nmh'folin  L.     Verv  common. 

DlSOOREACE.i:. 

Dioi^oi'ta  rilloxii  L.     Common. 

Iridace.k. 

Iri»  rernieohr  L.     Common. 

Sistfiiiichiinn  ]ienniid\nn<i  L.     Common.     Hamilton  Countv. 

Orchidac'E.e. 

*  CyprijH'dium  hirsufiim  Mill.     Very  rare.     Hamilton  C^Minty. 

regintr  Walt.     Very  rare.     Hamilton  County. 
OrrhiA  HjteetabiU^^  \,.     Very  rare.      Hamilton  County. 
Pogonia  tiianthophorn  (  Sw. )  B.  S.  P.     Very  rare.     Hamilton  County 
'i  Apleetrum  spieafum  (  Walt.)     R.  S.  P.     Kare.     Hamilton  County. 

SaI'RURA<'E-K. 

Saitrnnt)t  ct'ruutm  L.     Common. 

JUULANDACE.K. 

JugluuA  cinereu  L.     Common. 

nifp'a  \j.     Common. 
Hiroria  alba  (  L. )  Hritton.     Commi)n. 

7/a6/*a  (Mill.)  Hritton.     Rare. 

wi icroca //Ki  (Nutt.)  Britton.     Common. 

viinima  CMarsh.)  Britton.     Common. 

ow/a  (Mill.)  Britttm.     Common. 
•^  Pif(v/»  (Marsh.)  Britton.     Very  rare.     Hamilton  (,ounty. 
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SALICACE-f:. 


3  Populm  (Uf*a  L.     Beginning  to  escape  from  cultivation. 

moniJifern  Ait.     Common. 

tremiU/tules  Mirhx.     C-omnion. 
Sri/iV  nigm  Marsh.?     Specimen   so   named   in   J.    E.    McMullan's   collection   of 
Woods  from  Hamilton  Countv. 

discofor  Muhl.  ?    Common.     Hamilton  Countv. 

(iiAcoior  eriocepliiila  (hiivUx.)  Anders.?     Kare.     Hamilton  County. 

fragili/t  L.  ?     Commtm. 

humilia  Marsh.  ?    C<^)mmoii.     Hamilton  Countv. 

litrida  Muhl.  ?     Kare.     Hamilton  Countv. 

purpurea  L.  ?     Very  rare.     Hamilton  County. 

rwtmla  Richards.  ?     Common.     Hamilton  Countv. 

ttericea  Marsh.  ?    Common.     Hamilton  Countv. 

BKTULArE.E. 

Carpiniis  Carol hnatui  Walt.     Common. 
Ostrya  Virgin'mmt  (Muhl.)  Willd.     Common. 
Coi-ylua  Americaipi  Walt.     Common. 

Fagace-C 

Fagu."  atropiitiieea  {  Marsh.)  Sudw.     Common. 
Qiterriis  alha  L.     Common. 

mucrocarpti  Michx. 

nmcrocarpn  oUntfonn'm  (  Michx.  1.)  A.  (iray.     Very  rare.     Hamilton  County. 

Muhlenhergii  Kngclm.     C<mimon. 

mi/ior  (  Marsh.)  Sar^.     Kare.     Hamilton  C<mnty. 

^  PrinuA  L.     Verv  rare.     Hamilton  Countv. 

•  •  • 

rubra  L.      Common. 

Clmace^e. 

Uhnu^  Americana  L.     (,\>mmon. 

piihexc^ni<  Walt.     (Jommon. 

racemom  Thomas.     Rare.  ?     Hamilton  C(Mintv. 
Crfti*  oceidnitalix  L.     Common. 

11 
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MoRACE.K. 

Morus  rubra  L.     Common. 

§  ToTcyton  pomiferum  Raf.     Very  rare.     Hamilton  County. 
Humuius  Lupulm  L.     Common.     Hamilton  County. 
Cannahh  mtiva  L.     Common. 

Trticace.!:. 

Vrtica  yraciliK  Ait.     Very  C-omnion. 

Urtieastrnm  divaricatum  (  L. )  Kunt/.e.     Verv  common. 
Adiceapumila  {Ij.)  Ksi(.     Common.     Hamilton  Ouinty. 
Bo'hmeria  cylindri^^  {L.)  Willd.     Common.     Hamilton  County 

A  RLSTOLOC'H  I  At  E.i:. 
Amriim  Canadenne  I-,.     Verv  common. 

PoLY<inNA('E-K. 

Itinnex  Aceto^ella  L.     Common. 

cnspus  L.     Common. 

sanguineus  L.     Common. 

verticUlatv^  L.     Common. 
Polygon  urn  dunietorum  L.     Very  comnuMi. 

emersum  (Mich.x.)  Britton.     Very  rare.     Hamilton  Co. 

Hydropiper  L.     Common. 

hydropiperoides  Miclix.     Common. 

incamatum  Ell.     C^)mmon. 

oiientaleh.     Very  rare.     Hamilton  County. 

puiictatvm  £11.     Common. 

mgittatum  L.     Common. 

acieuiare  L.     Common. 

cr^ctuvi  L.     Common. 
Fngopyrum  Fogopyrum  i  L. )  ( laTln.     Scarce. 

(Jhknopodiackj:. 

Chffnoiufdhiiu  album  L.     Very  common. 
liutrui*  L.     Rare. 
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Amaranthace.k. 

Amar<fnthm<  blitoidrit  S.  Walri.     Coniiuon. 
hybridu)<  L.     0»niinun. 
retrotlt'run  L.     Coinnion. 
!tpino»u8  L.     Rare. 

Ph  ytol  ach;  ace  .k. 
PhifioUicra  d*ctuidra  L.     Coniiiion. 

Ai/oACE.*:. 
MuHiirfu  rt'itlriUata  L.      ViTV  coininon. 

PoRTirLAC'ArK.K. 

Cia'ftonia  Virqinica  Miclix.     Coiiiinon. 
Portnlara  ottracen  ]..     Verv  coniiiioii. 

» 

Caryophyllace.k. 

^  ^i*fnntfemina  (Hthntjo  L.     Very  nMiiiiion. 
*S'i7«f/«' (//^/ Miilil.     Kan*. 

iJ  antirrhina  L.     Coiiiiiion. 

sffflafa  (L. )  Ait.  f.     Coniinon. 

/•e^»Vi  Sims.     Very  rare,     llaiiiilton  County. 

Virpinira  L.     Com ii ion. 
S(ip<ynaria  ifficiiinii*  L.     Connnon. 
-l/xiu*   /o?*7i/o/fa  iMnhl.)  Britton.     Rare.     Hamilton  County. 

metiw  L.     Common. 

y*»//><'/Ta  (Michx.)  Hritton.     Common. 
Ornstnim  lomjijH'dunculatum  Mulil.     Common. 

vniijatiim  L.     Common. 

NVMPH.KArE.K. 

Numphnn  wirenn  Soland.     Rare.     Hamilton  County. 

Ma(jnoliace.k. 
Liriinleinlron  Titlijti/tra  L.     <  'ommon. 

An<)NA<'K.K. 
Aximinn  tiihtha  i\^.)  Dunal.     < 'ommon. 
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Ranunculace-k. 


Hydastris  Canadensis  L.     Very  rare.  .  Hamilton  Omnty. 
Caltha  paltiMnif  L.     Common.     Hamilton  County. 
l9opyi-um  biternatvm  (Kaf.)  T.  and  G.     Common. 
Aetata  alba  (L.)  Mill.     Common. 

Delphinium  triMrne  Michx.     Rare.     Hamilton  County. 
Anemone  Canadenins  L.     Common.     Hamilton  County. 
Hepalica  acula  (  Pursh.)  Britton.     Very  common. 
Syndesmon  thalictrioides  (  L.)  Hoffmg.     Very  common. 
Clenuitijt  Viorna  L.     Rare.     Hamilton  County. 

Virginiana  L.     Common. 
Ranunculus  abfniirus  L.     Verv  common. 

d*'lphinifolitu<  Torr.     Rare.     Hamilton  County. 

reeu r vat u ft  Voir,  in  Lam.     Common. 

septeiiirionaiis  Poir.     C'Ommon. 
i  Bairachium  divaricatiim  {Schrnnk)  ^^\\mm.     C4>mmon.     Hamilton  C^)unty 
ThuUctrum  dioiann  L.     Rare.     Hamilton  Countv. 

polygamtim  Miihl.     Common. 

Herbekidace.^:. 

Podophyllum  peltattim  L.     Very  common. 

Caulophylhiin  thalictroides  i  L.)  Michx.     Rare.     Hamilton  County. 

M  ENISPKRMACE-K. 

Menispermiun  Canadtnse  L.     <'ommon. 

Laurack.e. 

Sanmi/raa  S(tsAa/rfi8  (  L.)  Karst.     Common. 
Benzoin  Benzoin  (L. ;  Coulter.     Common. 

Papavera<'k.f.. 

Sanguinaria  Canadensis  h.     Common. 
Stylophorum  diphyllum  (Michx.)  Nutt.     Common. 
Bieticulla  Canadensis  (Goldie)  Mills]).     Common. 
Cundlaria  (L.)  Millsp.     Common. 
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CRrCIFERA.E. 

Lcpiditim  Virgin icum  L.     Very  coiuiuon. 
Sinymbritim  officinale  (L.)  Scoj).     Very  common. 
Sinapii*  a/b<i  \^.     Rare.     Ham ilt(m  County. 
Braiisica  niffm  (L.)  Koch.     Very  common. 

Sinapistrnm  Boiss.     Common.  ? 
liiirbarea  Bnrhtirea  (L.)  MacM.     Common.     Hamilton  County. 
/«M7iMtwpt/i««/j/f</«;*  (Michx.)  Prantl.     Common.     Hamilton  County* 
i  Roripa  Armoracia  (L. )  A.  S.  Hit<.'hc«»rk.     Common. 

yasfurtium  (L.)  Rusby.     Rare. 

/xi/u«<n8  ( L. )  Bess.     Common. 
Cardamine  hulhom  (Schreb. )  B.  S.  P.     Common. 

Douglami  (Torr.)  Britton.     Common. 

hirsuta  L.     Common.     Hamilton  Countv. 
Dentaria  lacinata  Muhl.     Common. 
'it  JSnrtui  Bursa- Paatoriif  (  L.)  \Vel>er.     Very  (*ommon. 
Arahiit  dentata  T.  &  (J.     Rare.     Hamilton  County. 

/<mga/a  (Muhl.)  Poir.     Common.     Hamilton  County. 

CrA.S8ULACE.«. 

S*:dnm  Telephium  L.     E.scaj)ed  from  cultivation.     Rare.      Hamilton  County. 

teniatvm  Michx.     Common. 
Pcnthorum  i<edoidei<  L.     Common.     Hamilton  County. 

SAXIVRACiAOE^:. 

'Snxijraga  Pennsylvanira  L.     Common.     Hamilton  County. 
Mitella  diphjUa  L.     C-ommon. 
JItfdrnugea  arbor*'i*ceni<  L.     Common. 
Rihi^a  Cynosbati  L.     ( 'ommon. 

jloridum  L.  Her.     Common. 

Platan  ACE.*:. 
Plaijanun  occidental i}<  L.     Common. 
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R0SACE.K 


OptUastfr  (tpuliffdiiij*  (  L.)  Kuntze.     Rare. 
Ptfrn8  coronaria  L.     Common. 

Malm  I^     Common. 
*  Avidanchier  Canwitntis  ( L. )  Medic.  ?     Verv  rare.     Hamilton  Conntv. 
Crataeyu^  cocci nra  L.     Common. 

violuf  (T.  and  (r.)  S<*heele.     Rare.     Hamilton  County. 

punctata  .]nvii.     Common. 

tomentona  L.     Sjieoimen  ko  name<l  in  J.  E.  McMullan's  colleetion  of  W(n>(is 
from  Hamilton  Conntv. 
?  Rubiis  Baiietfanu,'<  Britton.     Common. 

*  Canaden^tiit  1j.     Rare. 

(xcitientdiiii  L.     Common. 

^  rillo8nt(  Ait.     Common. 
Fr^H/aria  re^Cft  L.    "CtminuMi. 
Potentilla  Onmdensis  }..     Common. 
?  Gcum  Cnnailfiii*e  .}iii'{[.     Common. 

radiatnm  Michx.     (^)mmon. 

vernuin  iRaf.)  T.  and  (i.     G)mmon. 
Uhuiria  rubra  Hill.     Verv  rare.     Marion  Conntv. 
Ayi'imonia  jnirrifi/jra  Solan<l.     Common. 

strict  a  Michx.     Common. 
Ito»i  Carolina  L.     Common. 

i^  luciihi  Khrli.     C/ommon. 

rithiffiuoiia  L.     Not  eommon.     Hamilt4>n  County. 
Primus  Am€rica}M  Marsh.     Common. 

ifcrotimi  Ehrh.     Common. 

Cercis  Oin(ulenj<iy  L.     Common. 
CoHKut  Cham<rcri*ta  L.     Rare. 

Mar  If  law  licit  L.     Common. 
Gleditxchia  triacanthin*  L.     Common. 
§  GymikOcladuA  dinicmt  y  L. )  Koi'h.     ('omm<m. 
^  MeiilotvK  uIImi  Lam.     (\>mmon. 
Trifolium  hijhriilain  L.     Rare.     Hamilton  County. 

pruteime  L.     Very  eommon. 

rcpem  L.     Very  common. 
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Mt'ihomid  rautunn.'i  (  L. )  Kunt/A*.     Common. 

IHUenii  i  Darl.)  Kiintze.     Common. 

(jrundiflora  {  Walt. )  Kuntze.     Very  common. 
Ltithyrun  jaduslri^  L.     Very  rare.     Hamiltr)n  County.. 
Apiw  Apiosi  (  L. )  MacM.     Kare.     Hamilton  County. 
Phiu^iAu*  helvohia  L.     Rare.     Hamilton  Countv. 

jKtlystaehi/im  (  L. )  B.  S.  1'.     (Common. 

(iKBANACE-K. 

Grraniiim  macuhtum  L.     Common.    * 

OXALJDACE.K. 
Onillfi  strirfa  L.     Common. 

RlITACE.K. 

Zanthoryluiii  Americunum  Mill.     Common. 

Pteha  tri/oliata  L.     <'ommon.      Hamilton  County. 

SiMARUBACEiK. 

AUanthuit  fflandulond  I)esl.     Very  rare.     Marion  County. 

Eri'iiORBiACE^:. 

Euphoi'hid  roroUafa  L.     Rare.     Hamilton  County. 
CypurMaa  L.     Common. 

L1MNANTHACE.K. 

F^ff-rkeu  prwerphiaeoideit  Wilhi.     C<»mmon.     Hamilton  County. 

mdculata  L.     Common. 

marginata  Pursh.     Escaped  to  streets  of  Noblcsville  and  Carmel.     Rare. 

nutans  Lag.     (^ommon. 
ij  Aeah/pha  Virgin ira  L.     Common. 

Anacakdiace.k. 

ir  lihus  ginbrn  L.     Common. 
ra^lirana  L.     Comm<»n. 
i(    Vernir  L.     Common.      Hamilton  County. 

A<iril''<>LTArE.K. 

Ilex  lYifirillata  i  I..)  A.  Uray.     Common.     Hamilton  County. 
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Cklastrace.k. 

?  Eu</n^i/mus  atropui'pureiis  Jacq.     Common. 

oboiKLtwi  Nutt.     Common. 
Celastruii  scandeiut  L.     Commpn. 

Staphyleac'E.*:. 
Staphylea  trifolia  L.     Common. 

ACKRACK.K. 

Acer  Ntguudo  L.     Common.  % 

^  nigrum  Michx.  f.     Common. 
rubi*um  L.     C^)mmon. 
saccharinum  h.     Common. 
Saceharum  Marsh.     Common. 

iriPPOTASTAXACK.K. 

yE)*enlHH  (jUihra  Willcl.     Common. 

Bai^aminack.k. 

Impatient  anrea  Muhl.     Common. 
biftora  Walt.     Common. 

VrrA<'E*K. 

\    Vitis  cordifolia  Michx.     Common. 

if  Ixibniitoa  L.     Common. 

'i  rulpina  L.     Common. 
^  Paithenociww^  quinqiwfolia  (L.)  Planch  in  D.  C.     Common. 

TiLIAcE.*:. 

Ti/m  Amencniid  L.     Common. 

Malvale.i-„ 

Afmtihn  Abutilon  (L.)  Rnsby.     Very  <'ommoi). 

Althr-rosea  Cay.     Escaped  from  cultivation  in  some  [ilaccs. 
Mnlvit  rotnndifolia  L.     Very  common. 
Sida  8pino9n  L.     Very  common. 
^  Hibiscus  Trionitni  L.      Karc. 

Hypericace-E. 

Hifpericum  dtiplicnm  Hook.     Common. 

mutiltnn  L.     Common.     Hamilton  C^^untv. 
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ViOLAC'E.K. 

Viola  f>bliqua  Hill.     Very  coiiinion. 

obliqua  allxi  (Y.  and  N. ).     Very  rare.     Haiuilton  County. 

^  pcUnuita  L.     Common. 

puhe^ctui*  Ait.     Common. 

striata  Ait. 
Solea  cancoi or  (Vorni.)  (iinf^iinii.     Very  rare.     Hamilton  County. 

Thymelj:ace.*:. 

•  Dirca  palw<trij<  L.     Said  to  occur  in  the  northern  part  of  Hamilton  County. 

Lythrace.k. 

Lythnnn  alatum  Pursh.     Very  rare.     Hamilton  County. 
Jkettdon  vfrticiUattu  (  L. )  KU.     Verv  rare.     Hamilton  Conntv. 

Onagrace^. 

Epilobium  inihutre  L.     Common. 

Onagra  hiennu  (  L. )  Scop.     Very  common. 

Ganra  biennis  L.     Common. 

Miehanrii  Spach.     (>»mmon. 
Cirro'a  Lfvtrtiami  L.     Kare.     Petals  sometimes  re<l. 

Araijace.k. 

Aralia  racemoaa  L.     Kare.     Hamilton  County. 

*  Panax  tpmuiu* folium  L.     Very  rare.     Hamilton  County. 

I'm  belli FKR.K. 

DaticuB  Carota  L.     Verv  common. 

Orypolis  rigid iM  (  L. )  Britton.     Very  common. 

Heraeleum  lanatum  Michx.     Common.     Hamilton  Countv. 

PaMinojca  mtiva  L.     Verv  common. 

Tha^pium  trifoliatum  (  L. )     Britton.     Common. 

irifoliatiun  avreum  ['Suit.)  Britjon.     Common.     Hamilton  County. 
Sanimla  Cuuadetisi.^  L.     Common.     Hamilton  Conntv. 
Chtrntphifllnm  prttcumhrnH  {h.)  Crant/..     Common.     Hamilton  County. 
Omnorrhiza  longisti/liy  (Tarr.)  I).  ('.     Common.     Hamilton  County. 
Slum  riciifn/fflitnn  .],  F.  Cimel.     Common.     Hamilton  County. 
Erii/enia  hnlhoMi  (  >ri('hx.)  Nutt.     Common. 
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CORNA<'K.K. 

Cornm*  aJ4(nUfolia  L.     romiiion.     Haiuiltoii  County. 

'^/,  candidt^inui  Marsli.     Omniion. 

circimita  L.  Iler.     Common. 

iiorida  L.     Coninion.  ^ 

*  stofimi/rni  Miohx.     Rare.     linniilton  Omnty. 
ytfHua  aqitatica  L.      Ran*. 

MONOTROI'AC'E.E. 

yf<mofropft  unijiora  L.      Rare.     Hamilton  County. 

JJ^IMpiti/s  Hypopityn  (  L. )  Small.     Very  rare.     Hamilton  County 

PRIMULAC'K.K. 

SamottiA  fioribumlus  H.  H.  K.     Common.     Hamilton  Count  v. 
Steironenia  riliatum  (  L. )  Baud<».     Common.     Hamilton  Countv. 
Ndumbun/ia  thyrsijlom  (  L.)  Duhy.     Raro.     Hamilton  (.'ounty. 

OLEAt'E-K 

Fi'uxiiiHit  Americana  L.     Common. 
'i  r\i(jm  Marsh.     Common. 
^  (juofh'onffttiata  Miolix.     Common. 

(lENTIANAC'E.E. 

(itnHana  A nd re um i  iiriaeh.     Ran*.     Hamilton  Countv.  ? 

Apo<'Ynace-i:. 

Vinra  minor  L.      Becoming  common. 

Apttc.ynum  andrwtrmifoiivLm  L.      Rare.     Hamilton  County. 
'<>,  canmdnjntm  L.     C-^minum. 

AJ!CLE1»I1)ACE.K. 

Af^elepiaA  exalta  (  \j.)     Muhl.     Rare.     Hamilton  County. 
incarnata  L.     Common. 
^  Syriata  L.     Very  common. 
tidterom  \j.     Rare.     Hamilton  < 'ouiitv. 
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Con  V()lvi:l  ace-k. 

Jpoimra  hedernrea  Jacc].     Rare.     Hamilton  County. 

laciino}ta  L.     Common. 

purpurea  (  L. )  Roth.     Very  eommoii. 
Cvnvolrulwt  repeun  L.     Common. 

Septum  \j.     Common. 

Cl'8C'UTA<-K.K. 
Cuiicufa  iflonirrata  Choisy.     Comnum. 

POLEMONIAOE-*:. 
Phlox  divarirxifa  \j.     Verv  common. 

« 

maculata  L.     Rare.     Hamilton  Count  v. 
panicuiata  L.     Common. 
Polemoniuiii  reptann  L.     Common. 

Hydrophyllack.k. 

^  Hydrophyllum  apprndiruiatum  Michx.     Com  won. 

macrophyUum  Nutt.     (.'ommon. 
Phaedia  hipinafijidti  Michx.     Common. 

Purnhii  Buckl.     Very  rare.     Hamilttm  County. 

BoRAOINACE.K. 

CipuKjloi^um  officinale  L.     Common. 

LappiUa  Ixippnla  (  L. )  Karst.     Very  common. 

Meriensia  Virtjinira  i  L. )  I).  C.     Rare.     Hamilton  County. 

LUhoxpennum  arreiiHe  L.     Common. 

Onwviodium  Curt^iniannin  (  Lam.  i  A.  D.  C.     Verv  rare.     Hamilton  Countv 

^  »  • 

Verbenace.k. 

Vfrb**nu  utrirta  Vent.      Common. 

urticttfoliii  \j.     Common. 
Lippia  lanrrolala  Michx.     (.'ommon. 
Phrymn  Lrptosfnchyo  L.     C<unmon. 


172 


Labiat.k. 

■Coiiinmnia  Canadensis  L,     Common. 

PeriiJa j'ruteseeiis  Nankinensis  (Lour.)  Hritton.     Escaped  from  cultivation. 

Mentha  piperita  I^.     Common. 

lAfcopas  Europtriis  L.     Common.     Hamilton  County. 

Viajinieus  L.     Common.     Hamilton  County. 
Kirllia  pilosa  (  Nutt. )  Britton.     Rare. 

FiV^finwina  (  L.)  Britton      Rare.     Hamilton  County. 
Hedroma  pnlegioidfs  (T^. )  Pers.     Very  common. 
Manarda  fintulosa  L.     Com  mem. 

Blephdia  eiliata  (L. )  Raf.  ?     Wry  rare.     Hamilton  County. 
^   VUelcia  nepetoides  (  L. )  Raf.     (^'ommon. 
Nepetu  Colaria  L.     Very  common. 
Gieronui  hederacea  L.     Very  common. 
ScHt*'.Unna  incana  Muhl.     Common. 

Uiterijiora  \j.     Common. 

nerroso  I'ureh.     Verv  rare.     Marion  Countv. 
Prundlti  ruif/ariJ*  L.     Common. 
I-hysotegia  Virf/iniana  (  L.)  Benth.     Common. 
Marnihium  mtlgare  \j.     Rare. 
iStachi/s  aspera  Michx.     Comnu>n. 

patustrii*  L.     Common. 
Jjeoiutrus  Cardiaca  L.     Verv  common. 

SOJ.ANACE.K. 

Phusalodt's  phys(.d*>des  {\,.)  Britton.      Rare. 
Physafis  Phiiadelphiea  Lam.     Common. 

piihet^en*  L.     Common. 

viscosa  L.     Common. 
S(}tanuin  Otrolinense  L.     Common. 

nigrum  L.     (.'oninion. 

rostintum  I>uiial.     Verv  rare.     Marion  Ck)untv. 
Datura  Stramouitiui  L.      Verv  <'ommon. 

Tntula  L.     Verv  connnon. 


17a 

S<:rophulariace^. 
Vcrbaseuui  Bfattaria  L.     Kare.     Hamilton  Couiitv. 

» 

?  Tkapsns  L.     Very  cominon. 
^  Lin4jria  Liruwia  [Jj,)     Karst.     Comiuou. 
Cofliiisia  rc/*7ia  Nutt.     Rare.     Hamilton  C\)unty. 
Scrophufaria  MarylaiuUca  L.     Common. 
Chelone  glabra  L.     Common. 

oblUjua  \j.     Very  rare.     Hamilton  County. 
PenUtemoii  Digitmh  (Sweet.)  Nutt.     Common. 

hinnUw  {  L.)  Willd.     Very  rare.     Hamilton  County. 
Miniuhis  alatuH  Soland  in  Ait.     Common. 
Chat  tola  Virginiana  L.     Common. 
Vero7iira  aritnant  L.      Very  common. 

officiiiahi*  L.     Common.     Hamilton  County. 

peregrina  L.     Very  common. 

i*€rpyllij'olia  L.     Very  common. 
Jjtptandru  I'lV^inico  (  L. )  Nutt.     Very  rare.     Hamilton  County. 
Afzflia  macrophi/lla  {yuix.)  Kuntze.     Common.     Hamilton  County. 
Oerardia  Skimieriana  Wood.     Rare.      Hamilton  Count  v. 
Pedicular  is  laneeolata  Michx.     Verv  rare.     Marion  Count  v. 

Orohanchace.^:. 

Conojtfntlii(  Americana  (  L.  f.)  Wallr.     Very  rare.     Hamilton  County. 
Epiphtgiis  Virginiana  {\ J.)  Hart.     Common. 

HKiNONIACK.E. 

Tecoma  radiraua  (  L. )  I>  C.     Common. 

ACANTHACE.E. 

Rufiiia  eili</9a  Pursh.     Common. 
Dinnthera  Ameiicana  L.     Verv  common. 


Pl.ANTAOINACE.*:. 


Plaufago  lancet/lata  L.     Rare. 

major  L.     Verv  common. 
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RiniArK.K. 

lIoii«t(yum  purpurra  L.     Very  rare.     Marion  County. 
{^ephaia  lit  fins  occidenialiA  L.     Common. 
Oailium  Aparine  L.     ("ommon. 

asprellum  Michx.     Rare.     Hamilton  County. 

circtrsiuii^  Michx.     Common. 

trijidiim  L.     Common. 

« 

Caprifx>lia(:e-k. 

^inhucuif  OiuoilenMA  L.     Common. 
Viburnum  ticeri/oiium  L.     Very  rare.     Hamilton  C\»unty. 

prunifoliinn  L.     Common. 
Tnoi^tt'um  perforatum  L.     Common.     Ilainilton  County. 

Valerianacile. 

Vnieriana  pauriflora  Miciix.     Common. 

VaicrhnfUa  chennjmdiifiAia  (  Piirsh.)  D  C.     Common. 

DlI'SACE.K. 

Dijisacus  aylreMris  Hut  Is.     Very  common. 

CuCURniTACE.E. 

Micrampeiif  iobata  (Michx.)  <frcene.     Comnum. 
*Sic>fOii  an(/nla(iiH  L.     Common. 

CAMPANTLArE.E. 

Canqxiniiia  Aine.rirana  L.     Common. 
LfffOHziii  j)t^rfoliaUi  (  L. )  Rritton.     Common. 
Loffflia  rmfHnalis  L.     Commcm. 

injlatu  L.     Common. 

si/phHitira  L.     Common. 

>/  jHihtrula  Michx.     Common. 
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Com  POSIT vK. 

Vtrnonia  fiixrirtilafa  Miclix.     Very  common. 
Enpatorium  ngf^rafind's  \j.      Commuii. 

aitisfdmum  L.     Very  rare.     Marion  County. 

OrUatinum  L.     Common. 

pfi'foliatum  L.     C<minum. 

purpii renin  L.     C<mimon. 

iJ  inarnlatiim  L.     Common. 
CfiUoKonthiix  f/randiflorns  (  Hook.)  Kuntze.     Very  rare.     Hamilton  C'ounty. 
'<>  Knhnia  eupntorioideA.     Connnon. 
Solidaf/o  ctf'ftia  L.     Common. 

jlc.ricaiilin  \j.     Common. 

RiddcUu  Frank.     Verv  rare.     Hamilton  Countv. 

riffida  L.  ?     Common. 

itpfciosn  Nutt.  ?    Common. 
Asltr.     Several  speeies  which  are  unecrtain. 
^  Eritjeron  uniiuuH  (  L. )  IVrs.     Common. 

CniHideiisis  L.      Verv  common. 

ramwntf  i  Walt.)  H.  S.  I*.     Very  e(»mmon. 
Antfiinanti  watujaritaceu  {  L. )  Hook.     Common. 

j}l(inta(fini/ofio  (  L.)  Kieharils.     Kare.     Hamilton  County. 
Jntiln  Ht'laiium  L.     Common. 
'<>  Sii]>h(nm  j}*'r/oh(ttinn  L.     Rare.     Hamilton  County. 

tervhiiithacfum  L.     Rare.     Hamilton  County. 
Ambrosia  arfeini.^ittfolla  L.     Very  common. 

trijida  L.     Very  common. 

trifida  inteijrifolia  (  Mulil. )  T.  and  O.     Very  rare.     Hamilton  County. 
?  Xnnthium  (jinaderine  Mill.     Verv  common. 

ittrunutrimn  L.     Verv  common. 
Hudheckia  hirfo  L.     Verv  rare.     Hamilton  County. 

facinitita  L.     Verv  rare.     Hamilton  County. 

trU(ifHi  L.     Common. 
Lepachifs pinnata  (  Vent.)  T.  and  (J.     Very  rare.     Hamilton  County. 
^  Hrliauthmf  ohhuhs  L.     Comnitu). 

Mnimoxtis  L.     T'ommon. 

tnbfnutuA  L.     Common. 
Coiropm*  iripierin  \j.     Common. 
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Bidtn*  bipinnata  L.     Very  comnion. 

ccmna  L.     CK)iumon. 

comiala  (  L.)  Mahl.     Very  common. 
ffondow,  L.     Very  common. 

/nVtoyjfrma  (  Mich X.)  Britton.     Common. 
Hflenium  autnmim'e  L.     Gammon. 
Achillea  MiVefohum  L.     (.'ommon. 
Anthemis  Cotuia  L.     Very  common. 

Chrymnthemum  Ijeueauthemum  L.     Rare.      Hamilton  Connty. 
^  Tanacetum  vuhjare  L.     Common. 
Senecio  aiireuj*  \^.     Common.     Hamilton  Conntv. 
Cacalia  miiformis  Muhl.     Ran\     Hamilton  County. 
Arctium  Jjappa  L.     Very  common. 
t  CanluiLt  (UHMimuH  L.  ?     Not  seen  in  flower.     Common.     Hamilton  Countv^ 

ari'c/wia  (  L. )  Robs.     Rare.     Hamilton  County. 

fanceolatHs  L.     Verv  common. 

wmO'cm."  (  Miclix. )  Perrt.     Common. 

CiCHORIACK.i:. 

Adnpogon  Damlrliun  {\j.)  Kuntze.     Very  rare.     Hamilton  County. 
Taraxacnm  Taraxncnni  (  L. )  Karni.     Very  common. 
Ixirtura  Cana(leni*i)t  \^.      Verv  common. 

ft 

Scariohi  L.     Verv  common. 
Sonchus  asper  (  L. )  All.     Common 


INDEX. 
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AC'CLRATK  MEASURKMEXTS  OF  SUR- 
FACE TENSION,  .0. 

Additiooal  lii!t  of  host  plauti*,  103. 

AUviitions  to  the  fi!«h  fuuna  of  Wabanh 
County,  68. 

Altenmte  current  trausforiuer  with  con- 
denser in  one  or  both  circuits.  r>(). 

Alumina  oxyhydrate,  an  interestinic  de- 
posit of,  43. 

Ammonia, action  of  upon  dextrose,  •*> I. 

Amceba.  the,  some  note.*  on.  131. 

Andrews,  Frank  M.,  131. 

Anglingrin  the  St.  Lawrence  and  Ijake  On- 
tario, 81. 

Animal  parasites  collected  in  the  state  dur- 
ing the  year,  8u. 

Anthropology  :  the  study  of  man. :{:.{. 

Apparat'is,  new,  for  vegetable  physiology, 
02. 

Aromatic  chlorides,  certain,  action  of  po- 
tassium .<iulf  hydrate  upon.Vi. 

Arthur.  J.  C  ,  62. 1:18. 

Ash,  the  blue,  range  of.  107. 

BALL.T.  H.,54. 

Ballard,  U.H.,  51. 

Batrachians  and  reptiles  f>f  Wabash  County, 
80. 

Benton,  G.  W.,43. 

BigQey,A.  J.,  131,135. 

Biological  station,  a  new,  and  its  aim,  34. 

Birds  of  Brown  County,  preliminary  list  of, 
68. 

Birds  of  1804,  notes  on,  7.'^. 

Birds  observed  in  the  Sawtooth  Mountains. 
80. 

Birds  of  Wabash  County,  80. 

Bitting,  A.  W.,  80. 

Blatchley,  W.S..68. 

Blind  animals  of  .Mammoth  cave,  some 
notes  on,  8J. 

Klood  corpuscles  of  very  young  human 
embryo,  135. 

Botanical  division  of  State  Biolotrirul  Sur- 
vey, report  of  progress,  W. 


Botany,  a  pn^posed    new  systematic  of  N. 

A.,  13.3. 
Branner,  J.  C,  54. 
Bread,  salt-rising,  126. 
Brown,  Charles  C,  40. 
Brown  County,  preliminary  list  of  birds  of, 

68. 
Bryan,  W.  L.,42. 
Buckeye  canoe  of  1840, 130. 
Burial  Mound  in  Randolph  County,  46. 
Butler,  Amos  W.,  33.  Ti,  81. 
By-laws  of  Indiana  Academy  of  Science,  10. 

CALL.  R.  ELLSWORTH,  57, 58, 80. 139, 140. 

Campbell,  J.  L.,  39, 47. 

Camphoric  acid,  52. 

Cell  structure  of  Cyauophycea^.  133. 

Century  plant,  the  sugar  of,  51. 

Certain  chemical  features  in  the  seeds  of 
Pfantago  Virginiana  and  Patttgonicai  121. 

Chemistry,  some  new  laboratory  appli- 
ances In.  51. 

Cincinnati  limestone,  wave  marks  on,  53. 

<'ollection  of  plants  made  during  year  near 
Crawfordsville,  65. 

Committees  of  Indiana  Academy  of  Science, 

(■onstitutionof  ln<liana  Academy  of  Science, 
9. 

Correlation  of  Silurian  sections  in  eastern 
Indiana,  54. 

Coulter,  Stanley,  Tui,  103, 120. 

Cunningham,  Alida  M.,  67, 121. 

Cupulifcra?,  the  embryology  of,  V.Vk 

Cyanophycoffi,  cell  structure  of,  llii. 

<'yca«,  the  stomates  of.  130. 

Cymatogastor,  development  of  sexual  or- 
gans of,  138. 

Cypripedium,  poisonous  intiuence  of  some 
species  of,  13»). 

DENNIS,  l).W.,i;'^>. 

Development  of  Ethfinitotiin  vn-rufrum,  pre- 
liminary account  of,  135. 
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Development  of  9oxaal  orffans  of  Cymato- 

gaster,  138. 
Dextrose,  action  of  ammonia  upon,  51. 
Dip  of  the  Keokuk  rocks  at  Bloomington, 

52. 
Distribution  of  OlediUchia   trianantho^  and 

other  tree?,  some  facts  in,  27. 

EIGENMANN,C.  H..  34, 87, 138. 

Elastic  fatigue  of  wires,  50. 

Electric  current,  does  high  tension  of  de- 
stroy life?  39. 

EIrod,M.N.,  138. 

Embryo  human,  bloud  corpuscles  of,  135. 

Embryo-sac  of  J^ernonia  Hiphytta^  131. 

Embryology  of  the  Cupuliferse,  1.%. 

Embryology  of  the  frog,  135. 

Embryology  of  the  Ranunculacett,121. 

Etheottoma  Ctrntleam,  preliminary  account 
of  development  of,  135. 

Etheostoma,  variation  in,  135. 

Evermann.  B.  W.,  80. 81, 99, 103. 

Extinct  fauna  of  Lake  County,  54. 

FELLOWS,  HONORARY,  11. 

Fellows,  list  of,  11. 

Ferric  bromide,  action  of  zinc  ethyl  on,  51. 

Ferric  chloride,  action    of  *inc   ethyl   on, 

51. 
Field  meeting  of  Ind.  Acad.  Sci.  1895,  16. 
Fish    fauna  of  Wabash  County,   atlditionn 

to,  68. 
Fishes,  mimicry  in,  86. 

Flora  of  Hamilton  and  Marion  Counties.  156. 
Florida,  shell  mound,  48. 
Floridese  the,  notes  on,  127. 
Flowering  plants  of  Wabash  County,  i36. 
Fossils,  some  new  Indiana,  54. 
Foley,  A.L.,50. 

Franklin  County,  the  swamps  of,  58. 
Frog,  the  embryology  of,  135. 
Functions   of   SpinnI    Cord    firom    Clinical 

Study,  35. 

GAME  AND  FISH,  propagation  and  pro- 
tection of,  33. 

Gaseous  medium,  effect  of  on  the  electro- 
chemical equivalent  of  metals,  50. 

Glacial  drift  of  Jasper  County,  observations 
on,  43. 

GUdUschia  triacanthos  and  other  trees,  some 
facts  in  distribution  of,  27. 

Gliok,  U.F.,48. 

Golden,  Katherine  £.,  61, 126. 

Go5s,Wm.F.M.,39. 

Gray,  Thomas,  50. 


HAMILTON  COUNTY,  Flora  of,  156. 

Heacock,E.H.,120. 

H"St  plants,  additional  list  of,  153. 

Hoy*8  white  fish,  or  moon-eye.  rediscovery 

of,  103. 
Huston,  H.  A.,  51, 52. 

IDAHO  LAKES,  The  red  fish  of,  99. 
Indiana  mammals,  81. 
Indigenous  plants,  water  cultures  of,  60. 
Infiltrating  and  Staining  in  toto  of  heads  of 
Vornonia,  method  of,  120. 

JASPER  COUNTY,  observations  on  glacial 

drift,  43. 
J^ernonia  diphylla,  embryo-sac  of,  131. 
Jenkins,  J.  N.,  66. 
Jones,  Walter,  52. 

KEOKUK  ROCKS,  dip  of,  at  Bloomington, 

52. 
Kindle.  Edward  M.,  49, 52, 54, 68. 

LABORATORY    BOTANICAL,   working 

shelves  for,  61. 
Lake  County,  extinct  fauna  of,  54. 
Lake  Ontario,  angling  in,  81. 
Lavoisier,  17. 
Law  concerning  puolicatiou  of  proceedings. 

4. 
Leuciscus,  variation  in,  87. 
Life,  does  high  tension  of  electric  current 

destroy,  39. 
List  of  Additions  to  State  Flora.  147. 
Lotz.Dumont,  51. 

xMacDOUGAL,  D.  T.,  60, 130, 13i^. 

Mammals  of  Indiana,  81. 

Mammo  h  cave,  some  notes  on  blind  ani- 
mals of,  80. 

Marion  County,  Flora  of,  156. 

Mursters,  V.  F.,  54. 

Martin,Gco.  W.,127,  i:«. 

Mass  and  molecular  motion,  138. 

Means,  J.  H.,  Structural  Geologic  Work  of  in 
Arkansas,  54. 

Measurement  of  strains  induced  in  plant 
curvatures,  130. 

Mees.  C.  Leo.  fiO. 

Meeting,  1895,  Field,  16. 

Mccting,Tenth  Annual  of  Ind.  Acad. Sci.,  10. 

Members,  active,  list  of,  12. 

Metals,  effect  of  the  gaseous  medium  on  the 
electrochemical  equivalent  of,  50. 

Mimicry  in  fishes,  86. 

Moenkhaus,  W.  J.,  86,  ia5. 

Moore,  Joseph,  46. 

Mottier,D.M.,121,135. 

Mound  burial,  in  Randolph  County,  46. 
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XBWLIN.C.E.,o4. 

Notes  on  th«  amoebft,  131. 

Notes  on  previously  described  cryptofframs, 

154. 
Noteworthy  Indiana  Phanerogams,  120. 
Notes   on    the    Reptilian    fauna    of   Vigo 

County,  68. 
Note  on  rock  flexure,  49. 
Noyes,  W.  A..17,51,52. 


OBSERVATIONS  UPON  SOME  OKLA- 
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Occurrence  of  the  whistling  swan  in  Wa- 
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ence, 8. 
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PARASITES,  ANIMAL,  collected  in  state 
during  the  year,  80. 

Parasitic  fungi,  distributed  by  State  Biol. 
Sur.  Series  1, 154. 

Pear  disease,  an  increasing  Indiana,  67. 

Phanerogamic  flora  of  the  state,  revision 
of,  66. 

Phosphate,  a  new,  52.  , 

Phosphorus  in  steel,  volumetric  determi- 
nation of,  51 . 

Plants  collected  near  Crawfordsville  dur- 
ing the  year,  65. 
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138. 
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Sharp,  I.  W.,  33. 

Shell  mound,  a  Florida,  48. 

Silurian  sections  in  eastern  Indiana,  cor- 
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An  Act  to  provide  for  the   publication  of  the  reports  and  papers  of 

THE  Indiana  Academy  of  S<'iknce. 

[Approved  .Vlarch  11,  1885.] 

WHEREA8,  The  Indiana  Academy  of  Science,  a  chartered  scien- 
Preamble.  ^jjj^^  association,  has  embodied  in  its  constitution  a  provision  that  it 
will,  upon  the  request  of  the  Governor,  or  of  the  several  depart- 
ments of  the  State  government,  through  the  (Governor,  and  through  its  council  as 
an  advisory  body,  assist  in  the  direction  and  execution  of  any  investigation 
within  its  province,  without  pecuniary  gain  to  the  Academy,  provided  only  that 
the  necessary  expenses  of  such  investigation  are  borne  by  the  State,  and, 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  several 
papers  read  before  it,  have  very  great  educational,  industrial  and  economic  value, 
and  should  be  preserved  in  permanent  form,  and, 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  General 
Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and  agricul- 
tural improvement,  therefore. 

Publication  SECTION  1.     Be  it  auicteti  by  the  Oeneral  Assembly  of  the  State  of 

por*i*ofthe    -^'*<^'"''*"»  That  hereafter  the  annual  reports  of  the  meetings  of  the 

Academy      In^iiana  Academy  of  Science,  beginning  with  the  report  for  the  year 

of  Science.    ^^^94^  including  all  papers  of  scientific  or  economic  value,  presented 

at  such  meetings,  after  they  shall  have  been  edited  and  prepared  for  publication 

as  hereinafter  provided,  shall  be  published   by  and  under  the  direction  of  the 

Commissioners  of  Public  Printing  and  Binding. 

Sec.  2.     Said  reports  shall  be  edited  and  prepared  for  publira- 
reports  ^^^"  without  expense  to  the  State,  by  a  corps  of  editors  to  be  selected 

and  appointed  by  the  Indiana  Academy  of  Science,  who  shall  not, 
by  reason  of  such  services,  have  any  claim  against  the  State  for  compensation. 
The  form,  style  of  binding,  paper,  typography  and  manner  and  extent  of  illus- 
tration of  such  reports,  shall  be  determined  by  the  editors,  subject  to  the  approval 

of  the  C'Ommissioners  of  Public  Printing  and  Stationery.      Not  less 
Namber  of 
printed         than  1,500  nor  more  than  lijO^^'O  copies  of  each  of  said  reports  shall 
report^!. 

be  published,  the  size  of  the  edition  within  said  limits,  lo  be  <letci- 

rained  bv  the  concurrent  action  of  the  editors  and  the  Commissioners  of  Public 


Printing   and   Stationery:     Provided^    That   not  to  exceed   six    hundred   dollars 

t$600)  shall  be  expended  for  such  publication  in  any  one  year,  and 

ProTiso. 
not  to  extend  bevond  1896:    Provided,  That  no  sums  shall  be  deemed 

to  be  appropriated  for  the  year  1894. 

Sec.  3.     All  except  three  hundred  copies  of  each  volume  of  said 
reports  shall  be  placed  in  the  custody  of  the  State  Librarian,  who    ^oYrenorts 
shall   furnish  one  copy  thereof  to  each  public  library  in  the  State, 
one   cojiy   to   each    university,    college    or    normal    school    in    the    State,    one 
copy  to  each  high  school   in  the  State  having  a  library,  which  shall  make  ap- 
plication therefor,  and  one  copy  to  such  other  institutions,  societies  or  persons  as 
may  be  designated  by  the  Academy  through  its  editors  or  its  council.     The  re- 
maining three  hundred  copies  shall  be  turned  over  to  the  Academy  to  be  disposed 
oi  as  it  may  determine.     In  order  to  provide  for  the  preservation  of  the  same  it 
shall  be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at  the 
disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State  House,  to  be 
designated  as  the  office  of  the  Indiana  Academy  of  Science,  wherein  said  copies 
of  said  reports  belonging  to  the  Academy,  together  with  the  original  manuscripts, 
drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also  equip  the  same  with 
the  necessary  shelving  and  furniture. 

8e<;.  4.  An  emergency  is  hereby  declared  to  exist  for  the  imme- 
diate taking  effect  of  this  act,  and  it  shall  therefore  take  effect  and 
be  in  force  from  and  after  its  passage. 


An  Act  for  the  protection  of  birds,  their  nests  and  EOfiS. 

[Approved  March  5, 1891.) 

Section  1.     Be  it  enacted  by  the  General  Aasembfy  of  the  State  of 

Bird:*. 
Indiana,  That  it  shall  be  unlawful  for  any  person  to  kill  any  wild 

bird  other  than  a  game  bird  or  purchase,  offer  for  sale  any  such  wild  bird  after  it 

has  been  kille<l,  or  to  destroy  the  nests  or  the  eggs  of  any  wild  bird. 

Sec.  2.     For  the  purpose  of  this  act  the  following  shall  be  con- 

...  ,  .    ,         ,4.1  ,  ,.    ,  Game  Birds, 

sidered  game  binis:    the  Anatida',  commonly  called  swans,  geese, 

brant,  an<l  river  and  sea  ducks;   the  Rallidte,  commonly  known  as  rails,  coots, 

mudhens,  and  galiinules;  the  Limicohe,  commonly  known  as  shore  binls,  plovers. 

surf  birds,  snipe,  woodcock  and  sandpipers,   tattlers  and  curlews;    the  Gallinas 

commonly  known  as  wild  turkeys,  grouse,  prairie  chickens,  quail,  and  pheasants, 

all  of  which  are  not  intended  to  be  affected  bv  this  act. 


Sec.  3.     Any  person  violating  the  provisions  ot  Section  1  <►!  this 
Penalty. 

act  shall,  upon  conviction,  be  fined  in  a  sura  not  less  than  ten  nor 

more  than  fifty  dollars,  to  which  may  be  added  imprisonment  for  not  less  than  five 

days  nor  more  than  thirty  days. 

Sec.  4.     Sections  1  and  2  of  this  act  shall  not  apply  to  any  per- 
Perinits. 

son  holding  a  permit  giving  the  right  to  take  birds  or  their  nests  and 

eggs  for  scientific  purposes,  as  provided  in  Section  5  of  this  act. 
Permita  to  ^*'^'  '^*     Permits  may  be  granted  by  the  Executive  Board  of  the 

Science.  Indiana  Academy  of  Science  to  any  properly  accredited  person,  per- 
mitting the  holder  thereof  to  collect  birds,  their  nests  or  eggs  for  strictly  scientific 
purposes.  In  order  to  obtain  such  permit  the  applicant  for  the  same  must  pre- 
sent to  said  Board  written  testimonials  from  two  well  known  scientific  men  certi- 
fying to  the  good  character  and  fitness  of  said  applicant  to  be  entrusted  with  such 
privilege,   and   pay  to  said  Board  one  dollar  to  defray  the  necessary  expenses 

attending  the  granting  of  such  permit,  and  must  file  with  sai<l  Board 
Bond. 

a  properly  executed  bond  in  the  sum  of  two  hundred  dollars,  signed 

by  at  least  two  respcmsible  citizens  of  the  State  as  sureties.     The  bond  shall  be 
Bond  for-         forfeited  to  the  State  and  the  permit  become  void  upon  proof  that 
felted.  ^j^^  holder  of  such  permit  has  killed  any  bird  or  taken  the  nests  or 

eggs  of  any  bird  for  any  other  purpose  than  that  named  in  this  section,  and  shall 
further  be  subject  for  each  offense  to  the  penalties  provided  in  this  act. 

Sec.  6.     The  permits  authorized  by  this  act  shall  be  in  force  for 
two  years  only  from  the  date  of  their  issue,  and  shall  not  Ue  trans- 
ferable. 

Birds  of  ^*'*^"  '"     '^'*^  English  or  European  house  sparrow  (passer  domes- 

prey,  ticus),  crows,  hawks,  and  other  birds  of  prey  are  not  included  among 

the  birds  protected  by  this  act. 

^^^  Se<'.  8.      All   acts  or  parts  of  acts  heretofore  passe<l  in  confiict 

pealea.  with  the  provisions  of  this  act  are  hereby  repeale<l. 

Se<'.  9.     An  emertrency  is  declared   to  exist  for  the  immediate 
Kmerffcncy.  .... 

taking  effect  ol    this  act,  therefore  the  same  shall  be  in  torce  and 

effect  from  and  after  its  passage. 


Two  years. 


\ 


\ 


INDIANA  ACADEMY  OF  SCIENCE. 


(A  Statement  Made  to  the  General  Assembly,  in  1))95,  of  Its  Work  and  Purposes.) 

The  Indiana  Academy  of  Science  has  published  during  the  last  three  years 
three  volumes  of  proceedings.  The  first  volume  appeared  in  '92.  It  included 
many  of  the  papers  in  full  or  in  abstract  that  were  presented  at  the  previous 
(^hristmas  meeting  of  the  Society,  together  with  titles  and  authors  of  all  other 
papers  presented  before  the  Academy  since  its  organization  in  1885.  Of  all  the 
titles  appearing  in  this  volume,  many  of  them  upon  topics  of  vital  importance, 
not  over  five  per  cent,  were  discussed  in  full  in  the  publication.  All  the  rest  of 
this  valuable  literature  has  been  scattered  and  lost  or  rendered  practicably  inac- 
cessible. 

The  volumes  appearing  in  '93  and  '94  give  in  full  or  in  abstract  most  of  the 
im})ort:tnt  papers  presented  in  each  case  at  the  previous  holiday  meeting,  while 
the  volume  appearing  in  the  summer  of  '94  is  enriched  by  the  reports  of  a  large 
corps  of  voluntary  and  unpaid  but  thoroughly  trained  workers,  who  have  under- 
taken and  are  energetically  pushing  a  systematic  biological  survey  of  the  State. 
But  the  expense  attending  these  publications  has  been  too  great  for  private  enter- 
prise and  the  treasury  of  the  Academy.  Unless  the  State  now  takes  hold  of  the 
matter  they  must  cease  for  a  time,  at  least,  and  a  serious  break  in  the  proceedings 
must  occur.  This  would  be  a  lamentable  check  upon  the  progress  of  science  in 
the  State.  At  this  crisis  the  State  is  asked  to  join  hands  with  the  Academy  only 
in  so  far  as  to  establish  and  preserve  the  work  to  which  the  latter  is  dedicated. 
It  is  our  purpose  here  to  set  forth  in  detail,  but  briefly,  some  of  the  reasons  why 
the  State  should  make  thin  compact.  These  reasons  fall  under  two  general  heads: 
The  Workers  and  Their  Work. 

By  publishing  the  proceedings  of  the  Academy  the  State  secures,  without  fur- 
ther compensation,  the  services  of  over  a  hundre<l  trained  experts  working  in  fields 
specially  chosen  and  agreeable,  spending  a  large  portion  of  their  time  upon  new 
problems  whose  solution  is  of  vital  importance  to  the  development  of  our  Com- 
monwealth.    These   workers   have   been   trained   in   the  liest  schools,  home  and 
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foreign,  and  bring  to  their  inveHtigations  zeal,  enthusiasm,  Hkill,  patience  and 
common  sense.  For  the  results  of  their  work  they  seek  no  other  i*eniuneration 
than  the  honor  that  comes  from  the  willing  and  loving  recognition  of  their  laborn 
by  their  friends,  neighbors  and  fellow-citizens,  to  whose  higTiest  and  best  interests 
their  lives  are  consecrated.  These  trained  experts,  who  constitute  the  bejst  au- 
thority in  the  State  upon  their  several  subjects,  will  act  without  compensation 
with  the  legislative  body  of  Indiana  just  as  the  National  Academy  acts  in  con- 
junction with  Congress;  will  freely  advise  with  the  legislators  when  asked  upon 
scientific  subjects,  and  give  proper  direction  to  scientific  investigations  undertaken 
by  the  Legislature  as  a  basis  for  wholesome  and  logical  laws. 

To  the  work  already  done  the  publications  of  the  Academy  give  but  an  im- 
perfect witness.  Certain  it  is  that  interest  in  these  proceedings,  incomplete  as 
they  are,  has  gone  out  far  beyond  the  confines  of  our  own  States  and  has  been  ex- 
tensively awakened  even  in  transatlantic  countries.  The  Academy  has  heli)ed  to 
train  some  of  the  foremost  scientists  of  our  day.  When  it  expresses  an  opinion 
upon  a  scientific  subject  it  is  listened  to  with  respect,  even  by  such  distinguished 
scientists  as  have  been  drawn  in  large  numbers  to  our  nation's  capital. 

It  will  be  here  attempted  to  set  forth  the  scope  and  aims  of  the  Indiana 
Academy  in  the  barest  outlines.  The  outline  itself  must  be  imperfect  at  best,  but 
we  hope  this  synopsis  will  show  how  closely  it  is  identified  in  all  of  its  ramifica- 
tions with  public  progress.  •  Without  pretending  to  exhaust  the  subject,  we  will 
arrange  under  six  heads  what  we  have  to  say  upon  the  character  of  the  work  un- 
dertaken by  the  Academy  and  the  reasons  why  this  work  should  be  fostered  by 
the  State  to  the  extent  of  proper  publication  and  dissemination  of  its  results. 
The  six  heads  are  :  Educational  Services,  Develoj>ment  of  Natural  Resources, 
Industrial  Assistance,  Economical  Ef!*ects,  Contributions  to  the  Reputation  of  the 
State  and  Recognition  Accorded  to  This  Kind  of  Work  in  Other  States. 

We  may  mention  six  ways  in  which  the  work  of  the  Academy  strengthens  the 
educational  forces  of  the  State  :  1.  Through  its  meetings  and  publications  the 
Academy  gives  direction  and  enthusiasm  to  the  study  of  the  sciences  throughout 
Indiana.  Scientific  instruction  is  no  longer  taken  up  in  a  half-hearted,  perfunc- 
tory way,  but  is  instinct  with  life  and  energy.  2.  It  transforms  teachers  into 
life-long  investigators.  The  best  science  teachers  are  those  most  under  its  iiiHu- 
ence.  3.  It  fosters  and  develops  workers  apart  from  and  outside  of  the  sch(n»ls. 
All  have  observed  the  tonic  effects  on  a  community  of  a  single  bright,  active 
mind.  With  every  person  thus  endowed  the  Academy  joins  hands  and  helps  him 
make  a  general  uplift  of  his  own  locality  in  just  such  a  way  as  university  exten- 
sion operates.     4.   It  brings  together  for  conference  teachers  who  are  openinir  up 


lines  of  work  in  their  several  localitieB  and  enables  them  to  plan  and  distribute 
original  work  in  the  wisest  manner.  5.  It  fosters  a  spirit  of  home  effort  which 
makes  the  student  of  science  everywhere  practically  familiar  with  home  surround- 
ings an<l  alive  to  the  possibilities  of  home  fields  and  forests.  6.  It  classifies  and 
arranges  in  a  systematic  way  the  whole  plant  and  animal  life  of  the  State,  making 
accessible  at  small  expense  to  everybody  the  most  important  information  other- 
wise scattered  through  an  expensive  library. 

Without  going  into  details,  it  is  only  necessary  to  call  attention  to  the  fact 
that  everywhere  the  Academy  is  a  powerful  auxiliary  in  developing  the  mineral, 
vegetable  and  anin^al  resources  of  the  State. 

We  mav  consider  the  industrial  activitv  of  the  Academv  under  three  heads : 
Its  efforts  in  behalf  of  agriculture,  of  mines  and  minerals,  of  manufactures.  It 
aids  agriculture  by  studying  and  eradicating  injurious  weeds:  by  investigating 
insect  life  and  showing  what  insects  are  beneficial,  which  injurious,  and  devising 
means  for  fostering  the  former  and  exterminating  the  latter;  by  studying  para- 
sitic fungi,  their  habits,  effects,  control;  by  the  investigation  and  adaptation  of 
soils ;  by  studying  birds  and  animals  in  their  relation  to  agriculture. 

It  aids  mines  and  mineral  industries — by  the  study  of  coal,  gas,  oil,  clays, 
sands,  road  materials,  gravels,  building  stones,  etc.;  by  application  of  physics, 
chemistry  and  mechanics  to  mine  work ;  by  the  application  of  scientific  knowledge 
of  existing  conditions,  to  the  end  that  money  should  not  be  wasted  in  wild-cat- 
ting and  other  useless  operations. 

It  aids  manufacturing  industries — by  investigating  the  physical  and  chemical 
properties  of  wood  and  iron,  by  perfecting  accurate  and  economical  methods  of 
manufacture  and  testing;  by  stimulating  and  laying  the  foundations  for  the  devel- 
opment of  inventions  which  shall  convert  a  given  amount  of  power  into  the  maxi- 
mum amount  of  useful  product;  by  investigating  and  devising  economical  methods 
of  developing  and  distributing  power;  by  preventing  the  expenditure  of  money 
upon  unscientific  and  useless  inventions. 

We  may  group  the  general  economical  services  of  the  Academy  under  three 
heads: 

1.  It  strives  to  increase  the  possibilities  of  existing  properties — by  improving 
the  soils;  by  the  study  and  culture  of  fish;  by  developing  new  soil  pro<lucts,  such 
as  the  sugar  beet,  or  by  investigating  the  conditions  under  which  they  flourish;  by 
utilizing  neglected  food  materials,  such  as  mushrooms,  etc.;  by  discovering  prac- 
tical and  beneficial  uses  for  waste  products;  by  studying  the  uses  of  woods,  clays, 
etc.    in  the  arts  and   manufactures;    by  studying    the    medicinal   properties  of 
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plants;  by  gtiidyiiig  the  properties  of  plants  injurious  or  fatal  to  man  or  beast,  as 
the  stagger- weed. 

2.  It  strives  to  increase  the  happiness,  safety  and  productive  capacity  of 
society  by  investigating  food  adulteration,  drainage,  water  supply,  sanitary  (pies- 
tions;  by  investigating  the  effects  of  mineral  and  vegetable  |K)isons  upon  man  and 
animals;  by  studying  the  dihea^cs  of  animals;  by  investigating  general  econom- 
ical and  social  problems. 

3.  It  studies  the  question  of  the  protection  of  forms  of  life  beneficial  to  man, 
such  as  forests,  native  birds,  game  and  Hshes. 

In  general,  we  may  remark,  the  reputation  of  a  State  is  a  matter  of  pecuniary 
as  well  as  sentimental  importance.  While  it  is  true  that  the  work  of  the  Academy 
is  widely  known  and  its  worth  acknowledged,  while  the  same  is  true  for  other  edu- 
cational forces  in  the  State,  yet  when  all  is  said,  we  must  confess  that  we  occupy 
too  low  a  position  in  the  estimation  of  the  scientific  world,  lower  we  l>elieve,  than 
our  merit  as  a  State  deserves.  On  the  other  hand,  if  the  State  Le^tfislature  should 
cordially  recognize  the  work  being  done,  should  encourage  investigatitm  alon^j:  all 
lines  by  the  method  here  suggested,  as  it  can  at  so  slight  an  ex^>en8e,  that  act  alone 
of.  enlightened  and  far-seeing  policy  would  greatly  improve  our  reputation ;  it 
would  tend  to  give  tone  and  character  to  the  State;  it  would  make  the  strong 
workers  within  its  borders  more  patriotic;  they  would  not  be  so  ready  when  oppor- 
tunity offers  to  change  their  residence  to  some  more  appreciative  community;  it 
would  do  much  to  attract  from  without  first-class  ability  to  assist  in  making  Indi- 
ana in  every  respect  what  her  fertility  and  natural  resources  intended  she  should 
be — a  leader  among  the  States  of  the  IJnicm. 

New  York,  Connecticut,  Wisconsin,  Illinois,  Minnesota,  Iowa,  Kansas  and 
the  National  Government,  together  with  the  foremost  foreign  States  and  nations, 
are  more  or  less  committed  to  the  policy  advocated,  its  results  in  Indiana  can 
not  be  different  from  those  achieved  elsewhere.  lis  adoption  can  only  inure  to 
the  great  and  lasting  benetit  of  Indiana  and  all  her  people. 

The  amount  annually  needed  to  imbli.^ii  in  a  pro[>er  manner,  illustrate  and 
distribute  the  proceedings  of  the  Scjciety  will  not  exceed  $2,000.  The  Academy 
does  not  ask  a  direct  appropriation  of  money,  but  an  annual  publication  of  its 
proceedings. 

As  shown  by  its  cousiitutitm,  the  oi)jcct>  c»f  the  Academy  "shall  be  scieniitic 
research  and  the  <lit!u!>ion  of  kimwlcdjre  concerning  the  various  departmt*ntN  iti 
science." 


11 

The  membership  is  limited  only  by  the  followinjjf  clause: 

"Any  person  engaged  in  any  department  of  scientific  work,  or  in  original  re- 
search in  any  department  of  science,  shall  be  eligible.to  active  membership."  The 
menil)ership  now  numbers  146,  of  whom  25,  known  as  Fellows,  are  supposed  in  a 
sp(*oial  manner  to  represent  the  Academy  in  its  relations  to  the  general  public. 

In  order  that  the  general  character  of  the  Academy  may  be  clearly  under- 
stood, tiie  list  of  Fellows  with  their  addresses  is  appended : 

Daniel  Kirkwood,  Riverside,  Cal.;  J.  C.  Arthur,  Lafayette;  P.  S.  Haker, 
(.rreencasile;  W.  S.  Blatchley,  Indianapolis;  J.  C.  Branner,  Palo  Alto,  Cal.;  A. 
W.  Butler,  Brookville;  J.  L.  Campbell,  Crawfordsville;  John  M.  Coulter,  Lake 
Forest,  111.;  Stanley  Coulter,  Lafayette;  H.  T.  Eddy,  Minneapolis,  Minn.;  C.  H. 
Eigenmann,  Blooinington;  W.  F.  M.  Goss,  Lafayette;  Thomas  Gray,  Terre  Haute; 
O.  P.  fLiy,  Chicago,  111.;  H.  A.  Huston,  Lafayette;  J.  P.  D.  John,  Greencastle; 
D.  8.  Jordon,  Palo  Alto,  Cal.;  V.  F.  Marsters,  Bloomington;  T.  C.  Mendenhall, 
Worcester,  Mass.;  D.  M.  Mottier,  Bloomington;  W.  W.  Norman,  Austin,  Texas; 
W.  A.  Noyes,  Torre  Haute;  W.  P.  Shannon,  Greensburg;  Alex.  Smith,  Chicago, 
III.;  W.  E.  Stone,  Lafayette;  M.  B.  Thomas,  Crawfordsville;  L.  M.  Underwood, 
Greencastle;  T.  C.  Van  Nuys,  Bloomington;  C.  A.  Waldo,  Greencastle. 


OFFICERS.  189^-0. 


President, 
STANLEY  COrLTER. 

Vice-President, 
THOMAS  CiRAY. 

Sec^ketary, 
JOHN  S.  WRIGHT. 

Assistant  Secretary, 
A.  J.  BIGNEY. 

Treasurer, 
\V.  P.  SHANNON. 


Stant    y  Coulter, 
Thum>s  Gray, 
Jon  ^  S.  Wright, 
A.  J.  Higney, 
W.  P.  Shannon, 


EXECUTIVE  COMMITTEE. 
Amos  W.  Butler, 

W.    A.    No  YES, 

J.  C.  Arthur, 
J.  L.  Campbkll, 
().  P.  Hay, 


T.  C.  Mendenhall, 
John  C.  Branner, 
J.   P.   I).  JOHX, 
John  M.  Coiltek. 
David  8.  Jordan. 


Cl'KATOKS. 

BOTANY J.  C.  Arthur. 

ICHTHYOLOItY C.  H.  Eigknmann. 

HERPETOLoiiY    ^ 

MAMMAL(HiY        ^  Amos  W.  Butlkk. 

ORNITHOLOGY     J 

ENTOM()LO(4Y W.  S.  Blatciiley. 


COMIVIITTEES,  1895-96. 


pr(x;ram. 

C.  A.  Waldo,  A.  J.  Eigne y, 

MEMBERSHIP. 
C.  H.  EicjENMANN,  (Jeoroe  A.  Talbebt,  Cf.  W.  Bentok. 

NOMINATIONS. 
W.  A.  NoYEs,  W.  E.  Stone,  W.  S.  Blatchley. 

AUDITING. 
W.  E.  Stone. 

STATE  LIBRARY. 

C.  A.  Waldo,  W.  A.  Noyes,  A.  W.  Butler, 

A.  W.  Duff,  J.  S.  Wright. 

LEGISLATION   FOR  THE   RESTRICTION  OF  WEEDS. 
J.  C.  Arthur,  J.  M.  Coulter,  J.  S.  W' right. 

PROPAGATION  AND  PROTECTION   OF  GAME  AND  FISF,, 
C.  II.  Eigenmann,  a.  W.  Butler,  Ph.   Kirfch.  .^     ;. 

EDITOR.  '^• 

C.  A.  Waldo. 

DIRECTORS  OF   BIOLOGICAL  SURVEY. 
C.  II.  Eigenmann,  V.  F.  Marsters,  J.  C.  Arthur. 

RELATIONS  OF  THE  ACADEMY   TO  THE  STATE. 
C.  A.  Waldo,  A.  W^  Butler,  C.  H.  Eigenmann. 

(GRANTING   PERMITS   FOR  COLLECTING   BIRDS. 
A.  W.  Butler,  C.  H.  Eigenmann,  W.  P.  Shannon. 

DISTRIBUTION  OF  THE   PROCEEDINGS. 

A.   W.  Butler,  W.  A.  Noyes,  C.  A.  Waldo. 

('.  H.  Eigenmann,       V.  F.  Marsters,       J.  S.  Wright. 
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CONSTITUTION. 


ARTICLE  I. 


Se<tion  1.     This  association  Hhall  be  called  the  Indiana  Academy  of  Science^ 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and  the- 
diffusion  of  knowledge  concerning  the  various  departments  of  science;  to  promote- 
intercourse  between  men  engaged  in  scientific  work,  especially  in  Indiana;  to 
assist  by  investigation  and  discussion  in  developing  and  making  known  the 
material,  educational  and  other  resources  and  riches  of  the  State;  to  arrange  and 
prepare  for  publication  such  reports  of  investigation  and  discussions  as  may  fur- 
ther the  aims  and  objects  of  the  Academy  as  set  forth  in  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceedings,  the 
Acadenjy  will,  upon  request  of  the  (lovernor,  or  of  one  of  the  several  depart- 
ments of  the  State,  through  the  Governor,  act  through  its  council  as  an  advisory 
body  in  the  direction  and  executi(m  of  any  investigation  within  its  province  as- 
stated.  The  necessary  expenses  incurred  in  the  prosecution  of  such  investigation' 
are  to  be  borne  by  the  State;  no  pecuniary  gain  is  to  come  to  the  Academy  for  its 
advice  or  direction  of  such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State  shall 
be<-onie  a  public  document. 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fellows, 
non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  »>f  scientific  work,  or  in 
original  research  in  any  department  of  science,  shall  be  eligible  to  active  mem- 
bership. Active  meml)ers  may  be  annual  or  life  members.  Annual  members 
may  be  cle<*ted  at  any  meeting  of  the  Academy;  thev  shall  sign  the  constitution, 
pay  an  admission  fee  of  two  dollars,  and  thereafter  an  annual  fee  of  one  dollar. 
Any  person  who  shall  at  one  time  contribute  fifty  dollars  to  the  funds  of  this 
Acadeniv,  mav  be  elected  a  life  member  of  the  Academv,  free  of  assessment. 
Non-resideni  nieinbers  mav  be  elected  from  those  who  have  been  active  meml)erp. 


16 

but  who  have  removed  from  the  State.  In  any  case,  a  three-fourths  vote  of  the 
members  present  shall  elect  to  membership.  Applications  for  membershif)  in  any 
of  the  foregoing  classes  shall  be  referred  to  a  committee  on  application  for  mem- 
bership, who  shall  consider  such  application  and  report  to  the  Academy  before 
the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who  have 
recognized  standing  as  scientific  men  and  who  have  been  members  of  the  Academy 
at  least  one  year,  may  be  recommended  for  nomination  for  election  as  fellows  by 
three  fellows  or  members  personally  acquainted  with  their  work  and  character. 
Of  members  so  nominated  a  number  not  exceeding  five  in  one  year  may,  on 
recommendation  of  the  Executive  Committee,  be  elected  as  fellows.  At  the  meet- 
ing at  which  this  is  adopted  the  members  of  the  Executive  Committee  for  1894 
and  fifteen  others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  electee!  on  account  of  special 
prominence  in  science,  on  the  written  recommendation  of  two  members  of  the 
Academy.     In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at  the 
annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a  president, 
vice-president,  secretary,  assistant  secretary,  and  treasurer,  who  shall  perform 
the  duties  usually  pertaining  to  their  respective  offices,  and  in  addition,  with  the 
ex-presidents  of  the  Academy,  shall  constitute  an  executive  committee.  The 
president  shall,  at  each  annual  meeting,  appoint  two  members  to  be  a  committee 
which  shall  prepare  the  programmes  and  have  charge  of  the  arrangements  for  all 
meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city  of 
Indianapolis  within  the  week  following  Christmas  of  each  year,  unless  otherwise 
ordered  hy  the  executive  committee.  There  shall  also  be  a  summer  meeting  at 
such  time  and  place  as  may  be  decided  upon  by  the  executive  committee.  Other 
meetings  may  be  called  at  the  discretion  of  the  executive  committee.  The  past 
presidents,  together  with  the  officers  and  executive  ccmimittee,  shall  constitute  the 
Council  of  the  Academy,  and  represent  it  in  the  transaction  of  any  necessary 
business  not  specially  i)rovided  for  in  this  const itulicm,  in  the  interim  between 
general  meetings. 

Sec.  8.  This  constitution  may  be  altered  or  amended  at  any  annual  meeting 
by  a  three- fourths  majority  of  attending  members  of  at  least  one  year's  standing. 
No  (]ue8tion  of  amendment  shall  be  decided  on  the  day  of  its  presentation. 
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BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  he  assigned  to  a  cura- 
tor, whose  duty  it  shall  he,  with  the  assistance  of  the  other  memhers  interested  in 
the  same  department,  to  endeavor  to  advance  knowledge  in  that  particular  de- 
partment. Each  curator  shall  report  at  such  time  and  place  as  the  Academy 
shall  direct.  These  reports  shall  include  a  brief  summary  of  the  progress  of  the 
department  during  the  year  preceding  the  presentation  of  the  report. 

2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one  of  the 
days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice  of  the 
same  having  been  sent  to  the  address  of  each  member  at  least  fifteen  days  before 
such  meeting. 

4.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed  by  the 
president  and  countersigned  by  the  secretary. 

5.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two  yearn,  hav- 
ing been  annually  notified  of  their  arrearage  by  the  treasurer,  shall  have  their 
names  stricken  from  the  roll. 

6.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of  business. 
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MEMBERS. 


FELLOWS. 

J.  C.  Arthur Lafavette. 

p.  S.  Baker (ireencast  le. 

W.  8.  Hlatchley Indianapolis. 

J.  C.  Branner Palo  Alto,  Cal. 

Wm.  I^>we  Bryan Blouniington. 

A.  W.  Butler Brookville. 

R.  E.  Call Cincinnati,  O. 

J.  L.  Campbell Cra wfordsville. 

John  M.  Coulter Lake  Forest,  111. 

Stanley  Coulter Lafavette. 

D.  W.  Dennis Richmond. 

C.  II.  Eigenmann  Bloomington. 

Katherine  E.  Golden Lafavette. 

W.  F.  M.  Goss Lafavette. 

Thos.  (ira V Terre  Haute. 

A.  iS.  Hathawav Terre  Haute. 

O.  P.  Hay Chicago,  111. 

II.  A.  Huston Lafayette. 

J.  P.  D.  John ( Jreoncastle. 

I).  S.  Jordan J^tanford  University,  CaU 

V.  F.   Marsters Blooniington. 

C.  L.  Mecs Terre  Haute. 

T.  C.  Mendcnhull Holmken,  N.  J. 

I).  M.  Mottier Blo()niingl()n. 

W.  A.  Xoycs Terre  Haute. 

J.  T.  Scovell Terre  Haute. 

W.  P.  Shannon (Jreenshurg. 

Alex.  Smith (.'hicajr<»,  111. 
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W.  E.  Stone Lafayette. 

M.  n.  Thomas Crawfordsville. 

L.  M.  Underwofxl Auburn,  Ala. 

T.  C.  Van  Nuys Blooniington. 

C  A.  Waldo Lafayette. 

F.  M.  Webster Wooster,  (). 

H.  W.  Wiley Washington,  D.  C. 

J.  S.  Wright Indianapolis. 


NOX-RESIDEXT  MEMBERS. 

D.  II.  Campbell Stanford  University,  Cal. 

B.  W.  Kvermann Washington,  D.  (.'. 

Charles  H.  Gilbert Stanford  University,  Cal. 

(  .  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt SyracuHe,  N.  Y. 

Eilward  Hughes Stoekton,  ( 'al. 

O.  P.  Jenkins Stanford  Universitv,  <  'al. 

J.  S.  Kingsley Tufts  College,  Mass. 

Alfred  Springer Cincinnati,  O. 

Kt.beit  B.  Warder Washington,  D.  C. 


ACTIVE    MEMBERS. 

K.  J.  Aley Hloomington 

Tiniothv  H.  H:ill Crown  Point. 

II.  II.  Hallnnl Terre  Haute. 

< '.  L    Barnes Indianapolis. 

<Teorge  W.  Hent«)n In<lianap(»lis. 

Andrew  .J.  Bigney Moore's  Hill. 

J.  .\.  B<*rgstroin Blooniington. 

A.  W.  Bitting Lafayette. 

Alexan<ler  Black ( Jreencaslle. 

M.  A.  Brannon    Ft.  Wayne. 

Charles  C.  Brown luilianaiolis. 

H.  L.  Bruner   Irvintrioii. 

>»evera!U'e  Biirraj^t*    Latnyi'tir. 
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J.  B.  Burris Cloverdale. 

Noble  (.'.  Butler Indianapolis. 

J.  T.  Campbell    Rockville. 

E.  J.  Chansler Hicknell. 

Fred.  M.  Chamberlain Hloomington. 

J.  Fred.  Clearwatere Indianola,  III. 

H.  J.  Clements Washington. 

U.  ().  Cox Mankato,  Min. 

M.  E.  Crowell Indianapolis. 

Glenn  Culbertson   Hanover. 

Will  Cnmback (xreensbiirg. 

Alida  M.  Canningham Kirkpatrick. 

H.  S.  ('unningham Indianapolis. 

(Jeorge  L.  Ciirtiss   Columbus. 

B.  M.  Davis Irvington. 

J.  P.  Dolan Svracuse. 

Chas.  K.  Dryer Terre  Haute. 

A.  Wilmer  Duff' Lafayette. 

Joseph  Eastman Indianapolis. 

E.  G.  Eberhardt Indianapolis. 

M.  N.  Elrod HartsvUle. 

F.  L.  Emory Ithaca,  N.  Y. 

Percy  Norton  Evans Lafayette. 

Samuel  (».  Evans Evansville. 

E.  M.  Fisher Lake  Forrest,  111. 

J.  J.  Flather Lafayette. 

A.  L.  Foley Bloomington. 

Robert  (i.  Gillum  Terre  Haute. 

J.  R.  Francis Indianapolis. 

Austin  Funk Bloomington. 

J.  B.  Garner Crawfordsville. 

U.  F.  Glick Xewbern. 

Michael  J.  Golden Lafayette. 

W.  E.  Goldsborough Lafayette. 

*C.  F.  (ioodwin Brookville. 

^'S.  S.  Gorby Indianapolip. 

Vernon  (iould Rochester. 

^'Deocased. 
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J.  ('.  Oregg Hrazil. 

E.  II.  Ileacock Leadville,  Colo. 

Chas.  A.  Helvie Chicago. 

W'm.  Perrv  Ilav IrvinKton. 

Franklin  W.  Hays Indianapolis. 

Flora  Herr BloomingtoD. 

Robert  Ilessler I^jgansport. 

T.  E.  Hibben Indianapolifi. 

.1.  W.  Hubbard Blooniington. 

Thomas  M.  Iden Irvington. 

Alex.  Jameson Indianapolit}. 

A.  E.  .Jessiip Carmel. 

Sylvester  Johnson Irvington. 

\V.  K.  Johnson Franklin. 

Chanoey  .Juday Bloomington. 

E.  M.  Kindle Bloomington. 

.1.  (J.  Kingsbury Irvington. 

Ph.  Kirsc'h Columbia  Citv. 

w 

(  harles  T.  Knipp Bloomington. 

Thomas  Large Rensselaer. 

Daniel  Layman Indianapolis. 

V.  IL  Lock  wood Indianapolis. 

Robert  E.  Lyons Bloomington. 

Herbert  W.  McBride Indianapolis. 

Robert  Wesley  McBride Indianapolis. 

Kate  Mc(  'arthy Wabash. 

Rousseau  Mc(  lellan I  ndianapolis. 

D.  T.  McDougal Minneapolis,  Minn. 

J.  AV.  Marsee Indianapolis. 

( T.  W.  Martin Indianapolis. 

Franklib  S.  Miller Bro(>kville. 

W.  J.  M(>enkhaus Bloomington. 

(t.  T.  Moore '(.rawfordsville. 

Joseph  Moore Richmond. 

J.  P.  Nayl<>r (Treeni-astlc. 

Charles  E.  Newlin Indianapolis. 

J(»hii  F.  Newsom Elizabeihtown. 

E.  AV.  Olive Frankfort. 
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J.  H.  Oliver Indianapolis. 

I>.  A.  Owen Franklin. 

George  J.  Peirce Bioomington. 

W.  H.  Peirce Indianapolis. 

Elwootl  Pleas Dunrieth. 

A.  H.  Purdue Chicago,  111. 

Ryland  Ratliff Fairmoant. 

H.  G.  Reddick Bioomington. 

Bessie  C.  Ridgley South  Bend. 

D.  C.  Ridgley Delphi. 

Curtis  A.  Rinson Bioomington. 

<Teorge  L.  Roberta Greensburg 

L.  J.  Reltger Terre  Haute. 

Adolph  Rodgers Newcastle. 

John  F.  Si'hnaible Lafavette. 

C.  E.  Schafer Huntington. 

Claude  Siebenlhal Bioomington. 

G.  W.  Sloan Indianapolis. 

Richard  A  Smart Lafayette. 

Harold  B.  Smith Lafavette. 

Theo.  W.  Smith Indianapolis. 

F.  P.  Stauffer Logansport. 
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Joseph  Swain Bioomington. 
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Frank  B.  Tavlor Fort  Wavne. 

Erastus  Test Lafavette. 

F.  C.  Test Washington,  D.  C. 
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W.  ().  Wallat'e Wabash. 

Wm.  M.  Whilten South  Bend. 

J.  R.  Wiesl Richmond. 

W.  L.  Wood ( 'ovington. 

A.  J.  Woolman Duluth,  Minn. 
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(ieneral  Session,  followed  by  Sectional  Meetings V*  a.  m.  to  12  m. 

(lencrnl  Session 2  p.  m.  to  4  p.  m. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDRESS  BY  THE  RETIRING  PRESIDENT. 

MR.  A.  W.  BUTLER, 

At  7  o'clock  Friday  evening. 
Subject—"  Indtana:  A  Century  of  Changes  in  the  Aipects  of  Nature." 


AT  THE  SAME  HOUR.  BY  REQUEST. 
MR.  W.  W.  PFRIMMER 

Will  read  a  new  poem.    Subject—"  The  Naturalist." 


The  address  has  been  placed  at  this  early  hour  in  order  that  other  engagementa  for  the 
usual  huur8  of  evening  entertainment  may  not  keep  the  members  of  the  Academy  and 
their  friends  from  being  present. 


The  following  paperi  will  be  read  in  the  order  in  which  they  appear^n  the  program, 
except  that  certain  portions  of  the  program  will  be  presented  pari  pnt^u  in  sectional  meet- 
ings. When  a  paper  is  called  and  the  reader  is  not  preient.  it  will  be  dropped  to  the  end  of 
the  list,  unless  by  mutual  agreement  an  exchange  can  be  made  with  another  whose  time  is 
approximately  the  same.  Where  no  statement  of  time  was  sent  with  the  papers,  they  have 
been  uniformly  assigned  ten  minutes.  Opportunity  will  be  given  after  the  reading  of  each 
paper  for  a  brief  discussion. 

y.  B. —  By  nrder  of  the  Academy  no  paper  can  be  read  until  an  ab§tract  »»/  itit  contenta  »r  the 
writttn  paper  han  Itren  placed  in  the  handn  of  the  Secretary. 


(JENERAL  SUBJECTS. 

1.  rnoonsciou8  mental  cerebration,  5  ni ('.  E.  Newlin 

2.  Human  }»hysi()logy  in  it«  relation  to  biology,  15  m Guido  Bell 

'A.     A  means  of  preventing  hog  cholera,  5  m D.  W.  Dennis 

4.  The  Hopkins  Seaside  Laboratory  at  Pacific  (Jrove,  Cal.,  10  m.  .B.  M.  Davi^ 

5.  Infection  by  bread,  10  m Kalherine  E.  Golden 

8.     Simple  apparatus  for  photo-micrography,  5  m M.  J.  (iolden 

7.     Sanitary  science  in  the  modern  college,  10  m Severance  Barrage 
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GEOLOGICAL  SUBJECTS. 

*8.     Glacial  and  Ex)lian  Sands  (»f  the  Irofiuois  and  Tippecanoe  River 

valleys,  10  ra A.  H.  Purdue 

0.   *The  recent  earth({uake8  east  of  the  Ko<»ky  Mountains,  10  ni.  .A.  H.  Purdue 

10.  *JN)me  minor  processes  of  erosion,  10  m J.  T.  Scoville 

11.  ' Kettle  holes  at  Maxinkuckee,  5  m J.  T.  Scoville 

*12.     Fossils  from  sewer  trenches  in  the  glacial  drift,  15  m \Vm.  M.  Whitten 

13.  Kelief  map  of  Arkansas,  10  m lohn  F.  Newsom 

MATHEMATICAL  SCIUECT^. 

14.  Some  skew  surfaces  of  the  3d  and  4th  dej?ree,  15  m C.  A.  Waldo 

15.  *A  problem  in  gravitational  attraction,  5  m A.  \V.  Duff 

U>.     Note  relative  to  Peirce's  **  Linear  Associative  Algebra  ".  .James  Byrnie  Shaw 

PHYSICAL  SUBJECTS. 

*17.     Some  old  and  new  experiments  in  sound,  10  m M.  N.  Elrod 

18.  Variation  of  a  standard  thermometer,  10  m ('has.  T.  Knipp 

19.  *A    method   of    graphically    representing    the    laws    of    falling 

bodies,  5  m F.  P.  Stauffer 

20.  Kates  of  combustion  in  locomotive  furnaces,  10  m K.  A.  Smart 

21.  The  influence  of  heat,  the  electric  current,  and  magnetism  upon 

Young's  Modulus,  15  m Mary  C.  Noyes 

22.  'The  temperature  coefficient  of   the  surface  tension  of   liquids, 

15  m .Vrthur  L.  Folev 

23.  Strains  in  steam  machinerv,  5  m \V.  F.  M.  (ioss 

24.  The  viscosity  of  a  polarized  dielectric,  12  m V.  W.  Duff 

25.  "A  modification  of  the  ring  method  for  permeability,  10  ni K.  W.  Duff 

*2<>.     Some  peculiarities  in  the  formation  and  descent  of  drops,  5  m.  .  A.  W.  Duff 

27.   "The  effects  of  changes  of  temperature  and  pressure  on  viscosity, 

5  m V.  W.  Duff 

2K.     (  Ml  the  alternating-current  dynamo,  15  m \V.  E.  ( roldsborough 

'^Neither  paper  nor  abstract  furnished  the  Academy  for  publication:  no  further  men- 
lion  made  in  the  proceedings. 

Note:  The  titles  set  off  by  small  numerals  are  discussed  in  the  body  of  the  proceed- 
inirs  under  corresponding  heads  given  in  the  foot  notes. 

1.  The  Charleston  (Missouri)  earthquake. 

2.  Some  minor  eroding  agencies. 

'A.  Kettle  holes  near  Lake  Maxinkuckee. 

4.  The  vrnvitational  attraction  of  a  homogenous  ellipsoid  of  revolution. 

.■>.  draphi*'  representation  of  the  law  of  falling  bodies. 

•».  The  surface  tension  of  liquids. 

7.  A  method  of  measuring  permeability. 

H.  tlmpiricnl  formula  for  the  temperature  variation  of  viscosity. 


CHEMICAL  SUBJECTS. 

2t*.      ^The  inlluence  of  gra|>e  sugar  upon  the  composition  (»f  certain 

fat-producing  bacteria,  5  lu Robert  E.  I^ydus 

30.  A  new  method  for  the  preparation   of   phenyl   compounds  with 

sulphur,  selenium  and  tellurium,  5  m Robert  E.  Lyons 

31.  Camphoric  acid,  15  m W.  A.  Noyes 

32.  Note  on  milk  inspection,  5m...... Geo.  W.  Benton 

33.  Ratio  of  alcohol  to  yeast  in  fermentation,  10  m Katherine  E.  Golden 

*34.     Note  <Mi  crystallized  silicon,  I  m W.  B.  John.MOU 

BOTANICAL  SUBJECTS. 

35.  The  circulation  of  protoplasm  in  the  manubrium  of  Chara  fragilis, 

5  m D.  \V.  Dennis 

36.  ^Sorne  beneficial  results  from  the  use  of  fungicides  as  a  preven- 

tive of  corn  smut,  5  m \Vm.  Stuart 

37.  A  new  station  for  Pieoflorina,  5  m Severance  Burrage 

*3K.     Certain  plants^  as  an  index  of  soil  character,  5  m Stanley  Coulter 

3i*.     Forms  of  XatUhium  Canadense  and  A^  Htntmariumy  15  m J.  C.  .\rthur 

MO.     An  interchangeable  clinostat  of  new  design,  15  m J.  C.  Arthur 

41.  Some  notes  on  wood  shrinkage,  10  m M.  J.  i  iolden 

42.  Botani<*al  literature  of  the  State  Library,  5  m John  S.  Wright 

43.  MirToscope  slides  of  vegetable  material  for  use  in  <leterminative 

work,  H  ni John  S.  Wright 

^44.     Embryology  of  Hydrastis  Canadeiuisy  10  m (ieo.  W.  Martin 

•45.     Some  determinative  factors  underlying  plant  variation,  10  m. 

<ieo.  W.  Martin 

'/AMAMilCXL  SURJECTS. 

4t).  lI»em<>globin  and  its  derivatives,  10  m A.  J.  Hii^ney 

47.  Effects  of  heat  upon  the  irritability  of  muscle,  10  m A.  J.  Biifuey 

48.  The  evolution  of  sex  in  Cyiivatogatter,  20  m C.  11.  Eigenniann 

*4'.».  Variations  in  the  <'leavage  of  the  FimdiUus  egg,  10  m (ieo   W.  Martin 

•■^Neither  paper  nor  abstract  furnished  the  .Academy  tor  publication;    no  further  men- 
tion  made  in  the  proceedings. 

1.  The  effect  (»f  errape  sugar  upon  the  composition  of  certain  fat-producing  l>nctcri:i. 

2.  Fungicides  for  the  prevention  of  corn  smut. 


128 

*oO.     The  geographical  variation  of  Etkeos^totna  nigrum  and  E.  dunstidiy 

10  m W.  J.  Moenkhaiis 

51.  A  revision  and  synonomy  of  the  P(irvu»  group  of  Unwnidtfj  with 

6  plates,  10  ra R.  Ellsworth  Call 

52.  The  Fishes  of  the  Missouri  River  Basin,  15  m. 

B.  W.  Everraann  and  J.  T.  Scoville 

* 

53.  Recent  investigations  concerning  the  Redfish  (Oncorhynehus  nerka) 

at  its  spawning  grounds  in  Idahoj  20  m. 

B.  W.  Evermann  and  J.  T.  Scoville 

*54.     A  new  suhterranean  crustacean  from  Indiana,  5  m W.  P.  Hay 

*55.     A  peculiar  crawfish  from  southern  Indiana,  5  m W.  P.  Hay 

*56.     A  note  on  the  breeding  habits  of  the  cave  salamander,  SpeUrpea 

macuiicanduSf  5  m W.  P.  Hay 

57.     A  new  habitat  for  Gcutrophilus,  5  m A.  W.  Bitting 


THE  STATE  BIOLOOICAL  SURVEY. 

^^58.     Report  of  the  Biological  Survey,  Zoology,  20  m C.  H.  Eigenmann 

59.     Second    contribution    to    a    knowledge    of    Indiana   Mollusca, 

10  m R.  Ellsworth  Call 

HO.     Contributions    to    the   Biological   Survey    of    Wabash   County, 

5  m Albert  B.  Ulrey 

61.  Notes  on  a  collection  of  fishes  from   Dubois  County,   Indiana, 

5  m W.  J.  Moenkhaus 

62.  Additional  notes  on  Indiana  birds,  15  m V.  W.  Butler 

*63.     A  mammal  new  to  Indiana,  5  m A.  AV.  Butler 

64.  Notes  on  animal  parasites  collected  in  the  State,  5  m A.  W,  Bitting 

65.  *  Report  upon  certain   collections    presented   to   State  Biological 

Survev,  5  m Stanlev  Coulter 

66.  Noteworthy  Indiana  phanerogams,  10  m Stanley  Coulter 

67.  Distribution  of  Orehidnceir  in  Indiana,  10  m Vlida  M.  Cunningham 

*6^.     Notes  on  the  Fauna  of  the  black  shales  of  Bartholomew  and  Jackson 

counties,  10  m.. . V.  K.  Marsters 

""Neither  paper  nor  abstract   furnished  the  Academy  for  publication;   no  further  men- 
tion made  in  the  proceedinKft. 
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TrKKKY    LAKK  AS  A   IJMIT  OF   ENVIRONMKNT   AND  THE  VARIA- 
TION OF  ITS  INHABITANTS.    HIOLCHJICAL  Sl'RVF.Y  REPORTS. 

69.  I.       First  report  of  But^logical  Station,  10  in ('.  H.  Eigenmann 

70.  It.     *Some  of  the  physical  features  of  Turkey  Lake,  10  m. .  I).  C.  Ridgley 

71.  in.       Hydrogruphic  map  of  Turkey  Lake,  2  ni C.  Juday 

72.  IV.       Temperatures  of  Turkey  Lake,  5  m J.  P.  Dolan 

73.  V.     ^Inhai>itants  of  Turkey  Lake  in  general,  3  m  ....('.  H.  Eigenmann 

74.  vr.       Hirudinea  of  Turkey  Lake,  1  m I^nsie  ('.  Ridgley 

75.  VII.     *Roti/fra  of  Turkey  Lake,  5  m I).  S.  Kellicott 

7(i.       VIII.       CMocfra  of  Turkey  Lake,  5  m E.  S.  Birge 

77.  IX.     ^  ^foiluifca  of  Turkey  Lake,  5  m R.  Ellsworth  Call 

78.  X.     '•  Odonata  of  Turkey  Lake,  1  m I  >.  S.  Kellicott 

79.  XI.     ■  Fishes  and  tailed  batraehians  of  Turkey  Lake,  5  m .  ( '.  I L  Eigenmann 

80.  XII.     'Tuilless  batraehians  of  Turkey  Lake,  1  m C.  Atkinson 

81.  XIII.       Snakes  of  Turkey  Lake,  5  m 11.  O.  Reddick 

82.  XIV.     "Turtles  of  Turkey  Lake,  5  ra ('.  H.  Eigenmann 

83.  XV.       Water  birds  of  Turkey  Lake.  2  m N.  M.  Chamberlain 

84.  XVI.       Flora  of  Turkey  Lake,  10  m .().  IL  Meyncke 

*85.      XVII.   ^ ^Methods  of  determining  variations,  5  m C.  IL  Eigenmann 

86.     XVIII.       Variation    of    Kthtostoina   of   Turkey    and   Tippecanoe 

Lakes,  10  m. . W.  J.  Moenkhaus 

'-'Neither  pap«r  nor  abstract  furnished  the  Academy  for  publication.    No  further  men- 
tion made  in  the  proceedings. 

1.  A  report  upon  certain  collections  of  phanerogams  presented  to  the  State  Biological 
•♦Survey. 

2.  A  preliminary  report  on  the  physical  features  of  Turkey  Lake. 

3.  The  inhabitants  of  Turkey  Lake. 

4.  Rotifer  a. 

5.  On  a  small  collection  of  mollusks  from  Northern  Indiana. 

6.  The  Ofionatii. 

7.  Fishes. 

8.  BatrachiH. 

9.  Trutudinata. 

10.    The  ."tudy  of  vari  tion. 
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ELEVENTH  ANNUAL  MEETIN(3^  OF  THE  INDIANA  ACAD- 
EMY OF  SCIENCE. 


The  eleventh  annual  meeting  of  the  Indiana  Academy  of  Science  wan  held  in 
Indianapolis  Friday  and  Saturday,  IHjcember  27  and  28,  1894,  preceded  hy  a 
HeMsion  of  the  executive  committee  of  the  Academy,  8  p.  m.  Thursday,  Decem- 
hcr  26. 

At  9  A.  M.,  I)eceml)er  27,  President  Amoa  W.  Butler  called  the  Academv  to 
order  in  general  session,  at  which  committees  were  appointed,  other  routine 
businesK  transacted.  After  the  disposition  of  the  morning's  business,  papers  of  the 
printed  program,  under  the  title  of  'MJeneral  Subjects,"  were  read  and  discussed 
until  adjournment  at  12  m. 

The  Academy  met  at  2  p.  M.  in  two  sections — biological  and  physico-chemical 
— for  the  reading  and  discussion  of  papers.  President  Butler  presided  over  the 
biological  si»ction  and  Prof.  W.  A.  Noyes  acted  as  chairman  of  the  physico- 
chemical  section.  After  the  adjournment  of  the  sectional  meetings  at  5  p.  m.  the 
Acatlemy  again  met  in  general  session  at  7  p.  M.  After  the  disposition  of  some 
committee  reports  and  other  business,  by  retjuest  of  the  Aca<lemy,  Mr.  W.  W, 
I'frimmcr  read  a  new  poem,  subject:  **The  Naturalist,"  following  which  was  the 
address  of  the  retiring  President,  Mr.  A.  \V.  Butler,  subject:  'Indiana;  A 
Century  oi  Changes  in  the  As|>ects  of  Nature." 

Following  this  evening  session  of  the  Academy  was  a  meeting  of  the  executive 
<'omniittec. 

Saturday,  iVcembcr  2S,  9  a.  m.,  the  Aca<leniy  met  in  general  s<»ssion  for  the 
transaction  of  business,  after  which  f<dlowed  the  re:uling  and  tliscussion  of  papers 
until  adjotiniment,  12:15  p.  M. 
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PRESIDENT'S   ADDRESS. 


Indiana:     A  Century  of  C'hangks  in  the  Aspects  of  NATrRE.     Ky  A.  \V. 

HUTLER. 

Out  of  the  wilderness  of  the  past  has  come  our  present  civilization.  From 
the  fauna  and  Hora  of  the  wildeniesH-tiiiie  proceeded  the  forms  of  life  about  us. 
The  progress  of  this  century  is  the  marvel  of  history.  Co-extensive  with  this 
projjresb  are  the  changes  in  nature  wrought  by  human  agency.  The  story  t<>ld  by 
the  witnesses  of  these  things  is  incomprehensible.  To  the  earliest  pioneer  a  day 
spent  in  the  present  time  would  paralyze  his  faculties.  To  the  student  of  to-day 
placed  in  the  wilds  of  a  century  past  would  his  wonder  be  any  IchS?  We  can  not 
i'onipreheiid  what  man  hath  wrought.  Within  our  memories,  a  few  there  have 
been — here  and  there  one— whose  lives  included  the  beginning  of  the  white  man's 
activity  and  who,  much  out  of  place  in  every  feeling  have  seen  the  progress  of  the 
ages  move  by.  We  listen  to  their  tales  of  the  past,  but  who  is  there  who  can 
picture  in  his  mind  the  natural  conditions  of  those  early  days  and  the  subsequent 
changings?  Vague  and  imperfect  are  our  impressions  if,  indeed,  we  have  any 
conception  of  them 

It  is  probable  that  the  first  white  man  within  the  boundaries  of  Indiana  was 
the  explorer  LaSalle.  His  voyage  was  made  about  1669.*  The  earliest  settlements 
were  established  within  the  first  quarter  of  the  last  century  at  Guiatanon  and 
Vincennes.  Authorities  do  not  agree  as  to  which  was  settled  first  or  the  date  of 
settlement.  The^e  were  only  trading  posts.  Their  effect  upon  existing  conditions 
was  but  small.  Nor  was  it  until  the  Americans  began  to  occupy  this  region  at  the 
opening  of  this  cer.tury  that  the  old  began  to  fade  before  the  new. 

Over  the  greater  part  of  this  State  were  spread  dense  forests  of  tall  trees  — 
heavy  timber— whose  limbs  met  and  branches  were  so  interwoven  that  but  oc- 
casionally could  the  sunlight  find  entrance.  There  was  little  or  no  undergrowth 
in  the  heaviest  woods,  and  the  gloom  of  those  dense  shades  and  it-«  accompanying 
«ilence  were  terribly  oppressive.  Mile  upon  mile,  day's  journey  upon  day's  jour- 
ney stretched  those  gloomy  shades  amid  giant  columns  and  green  arches  reared 
by  nature  through  centuries  of  time.  The  only  interruptions  were  the  beds  of  water- 
courses; the  p<M»rer  hillsides  covcre<l  with  underbrush;  the  smaller  growth  of  the 
less  productive  uplands;  the  site  of  an  extensive  win<lfall — the  reconl  of  a  tor- 
nado's passajre:  the  small  area  of  second  gn>wth  timber  marking  the  former 
clearing:   for  some   Indian   camp;  the  more  or  less  extensive  patches  of  meadow, 
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occupying  ground  on  which  the  fore»t  had  been  destroyed  by  Indian  fires.  To 
the  west,  in  the  valley  of  the  Wabash,  were  wide  meadows  covered  with  long  grass. 
In  the  northern  third  of  our  territory  were  prairies  and  sloughs  alternating  with 
wooded  sand  hills  and  reedy  swamps,  imperfectly  drained  by  a  network  of  slug- 
gish streams,  which  in  turn  gave  place  to  extensive  marshes  toward  Lake  Mich- 
igan. 

The  southern  portion  of  the  State  was  more  heavily  timbered.  Perhaps  no- 
where could  America  show  more  magnificent  forests  of  deciduous  trees,  or  more 
noble  specimens  of  the  characteristic  forms  than  existed  in  the  valleys  of  the 
Wabash  and  Whitewater.  The  trees  decreased  in  size  to  the  northward,  those 
along  the  great  lakes  being  noticeably  inferior.  The  number  of  coniferous  trees 
was  small  and  was  confined  to  restricted  areas.  Those  found  were  poor  represcMit- 
atives  of  their  species. 

The  forests  were  made  up  of  many  kinds  of  trees  growing  together  indis- 
criminately. Here  and  there  certain  groups  and  occasionally  a  species  were 
found  predominating.  In  various  localities  the  character  of  the  forest  was  dif- 
ferent. Oak,  ash,  hickory,  maple,  beech  and  elm  were  prevailing  trees, 
varying  much  in  number  and  proportion.  In  some  places  the  Tulip  Poplar 
{Liriodendron  tviipifera  L.)  was  very  numerous,  often  attaining  great  size — the 
largest  tree  of  the  primitive  forests. 

Forty-two  kinds  of  trees  in  the  Wabash  valley  attained  a  height  above  100 
feet.*  The  tallest  recorded  being  a  Tulip  Poplar,  190  feet  in  height.  It  was 
twenty-five  feet  in  circumference  and  ninety-one  feet  to  the  first  limb.'  Many 
thousands  grew  over  the  State  measuring  from  three  feet  six  inches  to  ten  feet  in  di- 
ameter. Numbers  of  Sweet  Gum  { Liquidamber  styracijlua  L. )  in  the  more  fertile 
ground  in  the  southern  part  of  the  State,  contendctl  with  the  tulip  poplar  in 
lieight,  and  in  beauty  and  symmetry  excee<led  it.  They  attained  a  height  of  130 
to  150  feet  an«l  were  three  to  four  feet  in  diameter  at  the  base,  often  preserving 
almost  the  same  size  to  the  first  limb.'  In  the  oak  woods  there  were  giants  too. 
The  Red  Oak  {(^iiercus  rubra  I*),  Scarlet  Oak  {(^uercu*  coccinea  Wangheim),  Burr 
Oak  {Querent  microcarpa  Michaux),  and  White  Oak  {Querent  alba  L. )  reaching  a 
girth  of  ten  to  twenty  feet,  and  often  a  height  of  125  to  150  feet.  One  instance 
is  reported  of  a  Scarlet  Oak  181  feet  high.* 


1.  Prof.  Stanley  Coulter:  The  Fore  8t  Trees  of  Imlinna,  Trains.  Ind.  Ilort.Soe  ,1W1.  p.S. 

2.  Dr.  J .  Schneck:    Rept.  In<l.  (leoluKical  Survey,  1875,  |>.  512. 

.^.  R.  Ridjfway:     Pro.-.  I'.  S.  National  Museum,  Vol.  V,  1HS2,  p.  ♦'.7. 

4.  R.  Ridjrway:     Ihirf,  p.  SO. 
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In  the  southern  part  of  the  State,  too,  the  Sweet  Buckeye  {^Esculns  glabra 
Wilhlonow)  attained  great  size,  often  being  three  feet  six  inches  and  four  feet  in 
dianu'ter  with  trunks  ab  straight  as  columns,  the  trees  reaching  a  total  height  of  over 
100  feet.  One  example  of  this  species  is  unique.  It  is  the  tree  from  which  was 
made  the  celebrated  buckeye  canoe  of  the  Harrison  presidential  campaign  of  1840. 
The  tree  grew  in  the  southeast  corner  of  Rush  county  and  is  paid  to  have  been, 
when  standing,  twenty-seven  feet  nine  inches  in  circumference  and  ninety  feet 
from  the  ground  to  the  first  limb.*  Here  and  there,  quite  thickly  scattered, 
would  be  found  groves  of  the  finest  Black  Walnut  {Juglans  nigra  L.)  trees  the 
world  has  ever  known.  Some  of  these  groves  were  quite  extensive,  containing 
hundreds  of  trees,  individuals  of  which  were  four  to  six  feet  in  diameter  and  100 
to  150  feet  high.^ 

In  the  river  valleys,  along  the  streams,  the  great  size  of  the  Sycamore  {Ptatanus 
occidental ui  L)  was  noticeable.  This  was  the  largest  of  the  hardwood  trees,  reach- 
ing  a  niaxium  height  of  140  to  165  feet  and  often  measuring  five  to  ten  feet  in 
diameter.*  Keei>ing  those  company  were  the  Cottonwoods  [Populus  monilifera 
Alton),  the  larger  of  which  measured  five  and  even  eight  feet  through  and  130  to 
l()o  feet  high.  The  l)eauty  of  all  the  trees  of  this  region  was  the  White  Elm 
{Ulmiui  americana  L. ).  Its  diameter  sometimes  reached  five  feet,  and  its  height 
120  feet  or  more,  the  ambitus  often  spreading  over  100  feet. 

At  the  time  o(  its  settlement  the  southeastern  third  of  our  territory,  including 
all  the  Whitewater  Valley,  contained  no  Indian  towns  and  was  unoccupied  by 
iheni  save  as  <>ccasionally  a  hunting  or  a  war  party  passed  through  it.  In  the 
valley  of  the  Wabash  and  in  the  northeastern  part  of  the  State  were  Indian  vil- 
lages, h)cated  because  of  natural  advantages.  These  have  been  apparent  to  the 
whites,  who  in  several  instances  established  upon  their  sites  settlements  which 
have  since  become  prominent  as  towns  or  cities.  Among  these  Kekionga  (Ft. 
Wayne),  Chip-kaw-kay  (Vincennes)  and  Ouiatanon  on  the  west  side  of  the 
Wal)ash  River,  four  miles  below  Lafayette*)  were  selected  as  trading  posts  by  the 
wliites,  being  centers  of  the  finest  game  regions  occupied  by  man  within  the  limits 
of  the  present  State.  The  peltry  from  the  last-mentioned  post,  in  one  year,  in 
those  early  times  amounted  to  about  eight  thousand  pounds  sterling.* 

1.  W.  P.  Shannon:     Proc.  ln<l.  Acad.  Scionoe,  IftM,  \>.  l:^). 

2.  R.  Ri.lffway:     Phk-.  I.  S.  National  Museum,  Vol.  V.  1H8J,  p.  T«i. 
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In  different  localities  under  different  conditions  were  different  forms  of  life. 
We  have  noted  this  regarding  plants.     It  was  so  concerning  animals. 

American  Bisons  ( /^woh  americanus  Gmelin),  generally  known  as  Buffaloes, 
ranged  in  countless  numl>ei-s  over  the  meadows  and  prairies  at  the  time  we  first 
learn  of  them.  The  Whitewater  and  Miami  valleys  f»>rme<l  routes  to  the  ( )hio  Kiver 
and  the  Big  Bone  Lick  in  Kentucky.  The  Wahash  Valley  became  another  avenue 
for  their  journeys,  and  the  old  trail  from  the  prairies  to  the  Kentucky  baiTcns 
crossed  the  Wabash  River  below  Vincennes.  Over  this  wide,  well-marked  road, 
evidences  of  which  still  remain,  countless  thousands  of  Bisons  passed  annually. 
From  the  Ohio  River  to  Big  Bone  Lick  was  a  wide  n»ad  whi<'h  these  animals  had 
beaten  "spacitms  enough  for  two  waggons  to  go  abreast."'  Evidence  of  their  for- 
mer abundance  is  preserved  in  the  swamps  about  this  lick.  In  places  their  bones 
are  massed  to  the  depth  of  two  feet  or  more,  as  close  as  the  stout's  of  a  pavement, 
and  so  beaten  <lown  by  succeeding  herds  as  to  make  it  difficult  to  lift  them  from 
their  beds.^  At  the  Blue  Licks  in  Kentucky  we  are  told  in  1784:  '*The  amazing 
herds  of  buffaloes  which  resort  thither,  by  their  size  and  number,  fill  the  traveler 
with  amazement  and  terror,  especially  when  he  beholds  the  prodigious  roads  they 
have  made  from  all  quarters,  as  if  leading  to  some  populotis  city;  the  vast  space 
of  land  around  these  springs  desolated  as  if  by  a  ravaging  enemy,  and  hills  re- 
duced to  plains,  for  the  land  near  these  springs  is  chieHy  hilly."*  In  the  region 
that  was  denselv  wooded  the  Bisons  were  onlv  seen  as  transients,  but  in  the 
meadows  and  prairies  they  abounded.  From  the  summit  of  the  hill  at  Ouiatanon 
we  are  told,  in  171H:  "Nothing  is  visible  to  the  eye  but  prairies  full  of 
buffaloes."* 

KW  {Cermts  canadetisU  Erxleben)  were  common,  :ind  Deer  [Cariacus  virgin- 
ianu8  (rray)  still  more  so.  Bear  and  wolves  were  quite  abundant.  In  one  favor- 
ite locality,  it  is  reported,  a  good  hunter,  without  much  fatigue  to  himself,  could 
supply  daily  one  hundred  men  with  meat.  IWaver  ( CWo/'  /?6er  L.)  were  found 
in  many  localities.  Especially  favorable  to  them  were  the  more  level  regions  to 
the  northward.  Otter  {Lutrxt  canadewtis  Sabine)  were  quite  eommon,  while  the 
AVild  Cat  {Lynx  rufm  Kaf.),  Canada  Porcupine  (Erethizf>n  doi'satun  F.  Cuvier) 
and  Panther  { Felia  eoncolor  L. )  were  numerous. 

1.  Journal  of  Colonel  GroKhan:    Butler's  History  of  Kentucky,  1834,  p.  368. 

2.  Dr.  A.  W.  Brayton:  Rept.  of  Geological  Survey  of  Ohio,  Vol.  IV,  Pt.  I,  MaimiiiaL*, 
pp.  75-77. 
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4.  Paris  Documents,  1718:    Colonial  Hist.  N.  Y.,  Vol.  TX.  p.  891. 


35 

Of  snukes  especially  noticeable  for  their  abundance  were  Rattlesnakes  (Cro- 
talus  harridus  L.,  and  Sistrurm  catencUus  Raf.)  and  Copperheads  (Agkisirodon 
contortrii  L. ). 

The  ponds,  sloughs  and  deeper  swamps  were  the  homes  of  many  species  of 
tishes,  mollusks  and  crustaceans.  The  creeks,  shaded  by  the  closely  crowding 
trees,  contained  water  all  the  vear  round  and  in  them  smaller  fishes  reared  their 
young.  The  rivers  were  clogged  and  dammed  with  fallen  trees  and  driftwood  and 
the  water,  when  the  streams  were  swollen  by  heavy  rains,  pouring  over  these  ob- 
structions, cut  deep  holes,  which  became  the  homes  of  great  numbers  of  the  larger 
tishes. 

Wild  Turkeys  {Meleayiis  gallopavo  L. )  were  found  in  large  Hocks.  Bobwhites 
{Colinus  nr(/inianu8  L. )  were  so  numerous  that  when  they  collected  in  the  fall  as 
many  as  a  hundred  were  taken  in  a  day  with  a  single  net.  Ruffed  Grouse  (Bonasa 
umbellus  L.)  were  abundant.  Ducks  and  geese,  snipe  and  plover  were  found  in 
inestimable  numbers  where  favorable  conditions  existed.  Paroquets  (Canurus 
carolinensis  L. )  were  more  or  less  numerous  over  the  entire  region  and  in  the  lower 
Wabash  and  Whitewater  vaHey^  were  as  abundant  as  blackbirds  now  are  in  spring 
and  fall'.  Passenger  Pigeons  [Ectopislea  migratoriim  L.)  bred  and  roosted  in  many 
localities.  During  the  migrations  they  appeared  in  such  numbers  that  they  ob- 
scured the  sun  and  hid  the  sky  for  hours;  sometimes  for  days  in  succession.  The 
strange  appearance  was  made  more  wonderful  by  the  continuous  rumble  of  the 
thunders  of  the  oncoming  clouds — the  noise  of  the  strokes  of  millions  upon  mil- 
lions of  wings. 

Besides  these,  more  rarely,  Swallow-tailed  Kites  (Elanoiiles  forficahis  L.)  and 
Ivory -billed  Woodpeckers  (Campephihis  principalis  L.)  added  their  characteristic 
forms  to  the  wild  scenery.  The  Osprey  {Pandion  haliaetus  carolinensis  Gmel.) 
and  the  Bald  Eagle  {HaJiaeius  leucocephalus  L.)  built  their  nests  beside  the  streams 
and  while  one  fished  the  other  plundered  the  fisher. 

Within  the  dense  shades  of  the  deeper  woodland  there  was  but  a  small 
number  of  birds.  There  quiet  reigned.  Twilight  by  day  and  densest  darkness 
by  night.  How  oppressive  the  awful  quiet  amid  those  gloomy  solitudes  I  Every- 
where the  smaller  birds  were  few  compared  with  their  present  numbers. 

But  men  of  our  race  came  upon  the  scene.  Indians  there  had  been  there 
before.  As  it  always  has  l)een,  and  so  will  continue  to  be,  when  two  races,  one 
superior,  the  other  inferior,  come  into  com|HUition,  the  superior  will  overcome. 
The  contest  was  inequal.  The  barbarism  of  the  Ohio  Valley  could  not  hold  its 
own  against  the  alert  and  thoroughly  equipped  pioneer.  Soon  the  native  began 
to  part  with  his  land,     it  was  not  long  until  many  sought  other  homes.     Others 
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attempted  to  become  permanent  residents  and  to  adopt,  in  some  measure,  the 
habits  of  the  conquerors.  The  result  i^  too  well  known.  An  ancestor  of  theirs 
gifted  with  the  powers  of  a  seer  may  have  been  the  subject  of  these  lines: 

**  There  was  once  a  neolithic  man,  an  enterprising  wie:i)t, 
Who  kept  his  simple  instruments  unusually  bright ; 
Unusually  clean  he  was,  unusually  brave. 
And  he  sketched  delightful  mammoths  on  the  borders  of  his  cave. 

To  hi."?  neolithic  neighbors,  who  were  startled  and  surprised. 
Said  he,  **  My  friends,  in  course  "r  time  we  shall  he  civilized  ! 
We  are  going  to  live  in  cities  and  build  churches  an<l  make  laws  : 
We  are  going  to  eat  three  times  a  day  without  the  naturnl  cause  : 
We  are  going  to  turn  life  upside  down  about  a  thing  called  gold; 
We're  going  to  want  tiie  earth  and  ta^ke  as  much  as  we  can  hold; 
We're  going  to  wear  a  pile  of  stuff  outside  our  proper  skins; 
We're  going  to  have  diseases!  and  accomplishments! !  and  sins! ! !  " 

One  can  not  but  be  impressed  with  the  significance  of  the  design  of  "The 
Seal  of  the  Territory  of  the  U.  S.,  N.  W.  of  the  River  Ohio."  Impressions  of  it 
are  preserved  in  the  Department  of  State,  Washington,  D.  C  Jn  the  light  of 
the  development  of  the  past  century,  of  tlie  changes  that  have  been  witnessed,  it 
would  be  impossible  standing  here,  at  the  other  end  of  the  century,  to  conceive  a 
ilevice  more  expressive  or  truer  to  facts.  I  quote  from  a  work  that  has  just  aj»- 
peared: 

**A  study  of  this  hi-toric  seal  will  show  that  it  is  far  from  l>eing  destitute  of 
appropriate  and  expressive  meaning.  The  coiled  snake  in  the  foreground  and 
the  boats  in  the  middle  distance ;  the  rising  sun  ;  the  forest  tree  felled  by  the  ax 
and  cut  into  logs,  succeeded  by,  apparently,  an  apple  tree  la<len  with  fruit;  the 
liatin  inscription  ^Meliorem  lapsa  locarit,^  all  combine  to  forcibly  express  the  idea 
that  a  wild  and  savage  condition  is  to  be  superseded  by  a  higher  and  better 
civilization.  The  wilderness  and  its  dangerous  denizens  of  reptiles,  Indians  and 
wild  beasts,  are  to  disappear  before  the  ax  and  rifle  of  the  ever-advancing  western 
pioneer,  with  his  fruits,  his  harvests,  his  boats,  his  cr>mmeree,  and  his  restle.ss  and 
aggressive  civilization."  ^'Meliorein  lapi<a  locavit/^'  ''He  has  planted  a  better 
than  the  fallen!"^ 

The  white  man  made  the  navigable  water  ways  his  routes  and  settled  along 
them.  At  once,  under  his  influence,  the  aspects  of  nature  began  to  change.  As 
in  every  other  land  the  effects  of  man's  settlement  began  to  lu'  seen.  The  need 
for  food  and  clothing  and  the  <lesire  for  tillable  land  were  the  j^reat  causes  which 
impelled  him  to  action.  In  every  land,  on  every  sea,  the  story  has  been  the 
same.  Before  his  aggression  disappeared  the  most  noticeable  forms  of  lite.  The 
large  or  conspicuous  species  were  those  most  easily  affected — the  ones  >s  hicli  were 

1.    Williaiu  Hiiydeii  English:     Coniiucst  of  the  Tounfry  Northwest  of  the  Hivcr  Ohio, 
Vol.ir.lSVJti.  p.774. 
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iir>t  destroyed.  The  story  of  the  disappearance  of  ihe  great  animals  of  Europe; 
of  tho  Bison  and  the  Urus;  of  the  extinction  of  the  giant  birds  of  New  Zealand; 
of  Steller's  Sea  Cow  and  the  Great  Auk,  one  each  upon  our  eastern  and  western 
■coast;  the  most  wonderful  destruction  of  the  great  herds  of  the  American  Bison, 
an<l  the  threatened  extinction  of  the  Fur  Seal  in  the  North  Pacific,  and  of  the 
Zehra.  Camelopard  and  other  large  animals  in  Africa,  are  notable  illustrations  of 
the  jjreater  changes  that  have  been  wrought.  But  there  are  smaller  ernes  not  so 
conspicuous  but  more  potent  in  their  influences  upon  human  welfare. 

The  Bison,  the  most  characteristic  of  all  the  animals  of  America,  was 
thf  tirst  to  disappear  from  the  region  under  consideration.  Formerly  it  had 
ranged  east,  at  least  as  far  as  western  New  York  and  Pennsylvania  and  in 
States  farther  south  almost  to  tide  water,  but  about  1808  it  was  exterminated  east 
of  the  Wabash  River.  The  Elk  followed  it  closely,  disappearing  from  the  White- 
water Vallev  about  1810  and  from  the  State  in  1830.  The  Panther  followed  soon 
after.  Virginia  Deer,  Bear,  Otter,  Beaver,  Wolves  and  other  forms  were  almost 
exterminated.  Though  of  some,  if  not  all,  of  these  latter  forms  a  remnant  yet 
remains  in  some  favored  localities. 

Turkeys  and  Bobwhiti»s;  Ivory-billed  Woodpeckers  and  Wood  Ibises  {Tan- 
talin  locuixiior  L. )  ;  Black  Vultures  (Catharista  cUrata  Bartram)  and  Carolina 
Paroijuets  have  been  almost,  or  in  a  great  measure,  exterminated.  The  Paroquets 
which  ranged  to  the  great  lakes  and  were  so  common  a  feature  in  the  landscape 
of  the  pioneer  times,  have  not  only  disappeared  from  Indiana,  but  from  almost 
all  the  great  range  from  Texas  to  New  York  over  which  they  spread  at  the  begin- 
ning of  this  century,  and  are,  perhaps,  now  only  found  in  a  restricted  area  in 
Florida.     The  day  of  their  extirpation  is  near  at  hand. 

The  Passenger  Pigeon  survived  the  beautiful  little  parrot  until  a  later  day. 
But  nets  an<l  guns,  a  short-sighted  people  and  inefficient  laws  have  all  but  swept 
<»ut  of  existence  this  graceful  bird.  It  is  now  on  the  verge  of  extinction.  We 
can  no  more  appreciate  the  accounts  given  of  the  innumerable  hosts  of  these  birds 
of  passage  than  we  can  of  the  incalculable  multitudes  of  the  Bisons  three  score 
years  ago.  The  words  of  those  who  saw  them,  we  are  assured,  do  not  in  any  way 
convey  an  adecpiate  idea  of  the  wonderful  sights  and  sounds  during  a  Might  of 
Pigeons.  Some  of  their  roosts  covered  many  miles  of  forest.  There,  as  they  set- 
tled at  evening,  the  gunners  from  near  and  far  began  to  collect  for  the  slaughter. 
The  loaded  trees  upon  the  borders  of  the  wood  were  tirst  fire<l  upon.  Then  the 
shooters  passed  into  the  denser  forest.  Three  or  four  guns  lired  among  the 
branches  of  a  tree  would  bring  down  as  many  two-bushel  sacks  of  dead  birds, 
labile  numbers  of  cripples  fluttered  beyond  reach.  After  a  numl)er  of  sh<»ts  over 
a  considerable  area — several   acres  perhaps — the  whole   roost  would  rise  with  a 
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deafening  thundering  which  no  one  has  attempted  to  describe  and  soar  out  of 
sight  in  the  dusk  of  the  early  evening,  while  from  the  rising  cloud  came  a  noise 
as  of  a  mighty  tornado.  As  the  darkness  settled  the  birds  descended  and  alighted 
many  deep  upon  the  branches  of  the  trees,  the  weight  being  sufficient  to  break  oflT 
many  of  the  large  limbs.  Then  the  scene  changed.  The  slaughter  began  in 
earnest.  The  rapid  firing  of  guns;  the  squawking  of  the  Pigeons;  the  breaking 
of  the  limbs  of  giant  trees  beneath  the  living  weight;  the  continuous  rumble  aris- 
ing from  the  whirr  of  countless  wings;  all  illumined  by  the  lurid  lights  of  numer- 
ous torches  and  many  fires  produced  an  etiect  of  which  no  words  can  convey  a 
conception  to  one  who  has  not  experienced  a  night  at  a  pigeon  roost.  Each  year 
such  scenes  were  re-enacted.  Each  year  the  slaughter  went  on.  Less  and  less  the 
numbers  grew.  Trapping  and  netting,  supplemented  by  repeating  guns,  added  to 
the  power  of  destruction,  and  the  Pigeons,  whose  numbers  were  once  so  great  that 
no  one  could  conceive  the  thought  of  their  extinction,  have  dwindled  until  they 
are  rarely  found.     One  Pigeon  in  a  year!    Soon  they  will  be  but  a  memory. 

The  pioneers'  first  work  was  to  cut  away  the  trees  and  build  a  cabin.  As 
each  cabin  was  built,  it  foreshadowed  a  clearing  extending  more  and  more  each 
year.  The  line  of  the  Ohio  and  of  the  Wabash  formed  the  basis  for  the  advance 
of  settlement.  The  ax  and  fire  performed  their  work.  Great  deadenings  gave 
promise  of  a  lively  time  log-rolling  next  season.  Giant  Tulip  Poplars;  monster 
Black  Walnuts;  and  Oaks,  Ash,  Wild  Cherry  {Prunus  iferotina  Ehrhart)  and 
Sweet  Gums,  the  largest  of  their  fellows,  were  rolled  into  heaps  and  burned.  To 
this,  in  time,  was  added  the  necessity  for  fuel,  for  lumber  and  for  timber  to  sup- 
ply all  the  demands  which  human  minds  could  make  upon  the  forest,  not  only 
for  our  own  population,  but  also  for  other  States  and  other  lands.  Thus  were 
our  forests  destroyed.  Now,  except  in  a  few  localities,  there  remains  no  virgin 
forest. 

The  destruction  of  the  primitive  woods  cost  much  besides  the  trees  that  were 
sacrificed.  Each  tree  was  the  host  or  resting  place  of  other  forms  of  life.  Of  the 
blight  upon  its  leaves;  of  the  fungus  upon  its  limbs;  of  the  lichen  and  moss  upon 
its  bark;  of  the  birds  amonj;  its  branches;  the  insects  cm  its  foliage  and  about  its 
blossoms;  the  borers  within  its  body.  And  it  sheltered  other  lowly,  ground  in- 
habiting forms  beneath  its  spreading  shades.  Who  can  tell  what  the  destruction 
of  a  tree  signifies?  How  far-reaching  arc  its  e fleets  I  After  the  axe  came  fire, 
carrying  destruction  to  the  more  inconspicuous  animals  and  {)lants.  Fire,  too, 
swept  the  standing  woods  and  in  its  blighting  effects  extendeii  far  beyond  the  im- 
mediate necessities  of  the  pioneer.  With  the  cutting  away  of  the  larger  trees,  iu 
many  localities,  sprang  up  thickets  and  therewith  came  thicket-inhabiting  animals. 
As  the  cleaiini^s  were  extended,  meadow  lands  an<l  pasture  lands  were  reserved. 
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To  the  meadows  came  such  forms  as  the  Bay-winged  Sparrow  (Pooartea  gramineiia 
ftmelin),  Field  Sparrow  (Spi2eila  pusilla  Wilson),  Grasshopper  Sparrow  {Ammo- 
{Jramiui  savannarum  paj<»ei'inun  Wilson),  Meadow  Lark  {Stuniella  magna  L. ), 
meadow  mice,  garter  snakes,  green  snakes,  bumhlebees  and  grasshoppers— species 
])eculiar  to  such  surroundings.  Some  parts  of  this  land  were  wet  and  where  the 
drainage  was  poorest,  became  swamps  and  sloughs.  There,  forms  which  love  such 
places,  came.  Among  them  Marsh  Wrens,  Swamp  Sparrows  {Melospiza  gtorgiana 
Lath.),  and  Red-winged  Blackbirds  {Agelaius  pfumiceus  L. ),  salamanders,  frogs, 
water  snakes,  aquatic  insects  and  marsh  plants.  As  the  orchard  and  garden  de- 
veloped, birds  well  known  to  us  and  greatly  beloved  for  their  cheery  social  ways, 
there  made  their  home  and  lived  upon  food  brought  to  the  locality  by  the  chang- 
ing conditions.  The  number  of  settlers  increased,  causing  a  steady  diminution  in 
the  numbers  of  all  the  larger  mammals,  especially  those  used  for  foo<i  or  valuable 
for  fur;  of  geene,  ducks  and  other  water  loving  birds.  The  early  settlers  had 
brought  with  them  the  Black  Rat  {Mns  rattus  L. ).  I-,ater  another  form,  the 
Brown  Rat  {Mus  decumanus  Pallas),  which,  like  the  first,  was  a  native  of  the  old 
world,  appeared,  following  the  routes  of  civilization.  It  drove  out  the  other  rat 
and  has  since  occupied  its  place.  The  shy  Gray  Fox  (  Urocj/on  cinerfo-argentatus 
Schreber),  disappeared  in  advance  of  the  incoming  pioneer  and  the  Red  Fox 
(  Vulpei<  vulpes  \j,)  occupied  the  field  left  vacant.  The  hog,  a  most  valuable  factor 
in  the  development  of  the  West,  proved  equally  valuable  as  an  ally  in  the  warfare 
against  snakes.  Largely  through  its  efforts  were  the  rattlesnakes  and  copperheads 
destroyed. 

Removing  the  timber  and  breaking  the  ground  began  to  show  its  effect  upon 
springs  and  water  courses.  Many  became  dry  during  the  warm  season.  All  life, 
be  it  salamanders,  fishes,  mollusks,  insects  or  plants,  that  found  therein  a  home, 
died.  As  time  went  on  drainage  became  a  feature  introduced  into  the  new  coun- 
try. With  the  draining  of  our  sloughs  and  swamps  other  changes  came.  The  birds 
that  lived  among  their  reeds  and  flags,  mingling  their  voices  with  those  of  the 
frogs,  disappeared,  and  the  land  reclaimed  tells,  in  its  luxuriant  growth  of  corn, 
no  story  to  the  casual  passer-by  of  the  former  population  which  occupied  it. 

And  so  it  was.  Change  succeeded  change.  Little  by  little,  but  still  each 
cleared  field,  each  drained  swamp,  each  rotation  of  crops,  each  one  of  a  thousand 
variations  in  cause  had  its  effect  upon  the  numbers  and  life  histories  of  our  plants 
and  animals. 

When  the  Indians  left,  the  prairies  were  no  longer  annually  burned  over. 
Forest  vegetation  began  to  seize  ujion  this  open  land,  and  in  time  much  of  it 
became  reforested.  Into  it  was  brought  life  from  the  surrounding  woods,  and  the 
former  occupants  were  driven  out. 
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With  the  thinning  of  the  trees  appeared  an  undergrowth.  Where  the  under- 
growth came,  and  where  the  second  growth  appeared  in  neglected  clearings,  the 
vegetation  was  often  different  from  that  of  the  original  forest.  This,  too,  was^ 
destined  to  go  the  way  of  passing  things. 

The  (linseng  (Panax  quinquefolium  L.).  Spikenard  [Aralia  racemom  L. ), 
Bloodroot  {Sanguinaria  canadenMs  L.),  and  Yellowroot  {HydrantiB  ainadenns  L.). 
and  many  ferns  are  following  the  woody  plants  to  extermination. 

Milksicknesy,  once  so  prevalent  among  the  early  settlers,  with  the  peculiar 
fevers  of  the  new  country,  are  of  the  past.  Staggers  has  disappeared  from  many 
places,  yet  the  Wild  Larkspur  (Delphinium  trieorne  Michaux),  which,  tradition- 
ally, is  its  cause,  has  become  more  abundant  in  some  congenial  localities,  and  in 
such  neighborhoods  the  disease  is  quite  serious. 

But  there  arc  other  results  of  the  intrmluction  of  civilization  which  have- 
made  themselves  felt.  The  streams  were  dammed  and  the  migratory  fishes  pre- 
vented from  ascending  them.  The  driftwooil  disappeared  from  the  streams.  In 
time  the  dams,  too,  were  gone.  The  deep  holes,  where  the  fishes  loved  to  hide, 
filled  uj).  The  streams  carried  less  water  through  the  summer.  Dynamiting, 
netting,  and  other  illegal  means  of  fishing  became  prevalent.  All  these  have 
combined  to  wage  a  war  of  extermination  against  the  inhabitants  of  our  streams 
and  lakes  which  might,  if  properly  protected,  prove  an  exceedingly  valuable 
factor  alike  in  the  enjoyment  and  in  the  food  supply  of  our  people. 

The  telegraph  wire  is  very  destructive  to  birds.  Birds  and  insects  have  found 
a  new  instrument  of  destruction  in  the  electric  light.  Railroad  tracks  have 
proved  very  deadly  to  many  living  things  besides  man.  They,  in  turn,  are  high- 
ways along  which  the  cars  introduce  new  forms  of  plants  and  animals.  The  self- 
binder  and  the  mower  play  havoc  with  the  lives  of  many  inhabitants  of  the 
meadows  and  grain  fields. 

Following  in  the  civilizer's  footsteps  have  come  other  changes.  Man  has  not 
only  made  the  wilderness  to  blossom  as  the  rose  and  gathered  fruits  and  grain 
from  all  lands  for  the  necessity  and  enjoyment  of  our  people,  l)Ut  with  the  grain 
has  been  sown  tares  and  with  the  fruit  has  been  planted  l)light.  Teasles  (Dii>sacu8 
sylrtMris  Hud.),  Canada  Thistles  (C»<^c*/.s  arrensM  HoflTni.),  Wiregrass,  Platains 
and  Prickly  lx?ttuce  {Lactuca  scariola  L.)  arc  contending  tor  the  soil.  I*ear 
blight,  smuts,  lUsts  and  Black-knot  affect  fruits  and  Howers.  Ch  inch  bugs  ( I?/ij«{!« 
tencophriiA  Say),  Ilcbsian  Flies  [Cevidoiiwjia  datructoi'  Say),  Colorado  Potato 
Beetles  [Dorifphora  decem-lineata  Say),  Clover-root  Borers  [Ifylesinus  trifolii  Mull.), 
Si'ale  Insects  and  Cabbage  Worms  dispute  with  the  farmer  his  right  to  the  ero]>s 
he  has  jtlanted. 
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Some  of  the  native  forms  of  life  have,  in  some  respects,  changed  their  habits. 
This  is  evidenced  by  the  Kose-breasted  Grosbeak  {Habia  ludomcianah.)  ieeding  upon 
the  Colorado  Potato  Beetle.  The  destruction  in  the  rice  fields  of  South  Carolina 
<'aused  by  the  Rice  birds  ^our  Bobolink  (Do/icAcmya'  oiyzivorws  h.).  The  loss  in- 
flicted in  the  rice  swamps  of  Louisiana  by  the  Red-winged  Blackbird.  The  dam- 
age done  to  the  western  corn  grower  by  the  Bronzed  Grackle  (Quisealue  quiaeula 
ipjieiLs  Ridg.) — our  common  Blackbird.  By  man's  agency  the  European  House 
8parrow,  or  **  English  Sparrow  "  (Pcuwer  domestiem  L.)j  was  introduced,  and,  as  its 
numbers  increased,  it  began  to  assert  itself  in  the  struggle  for  existence.  The 
Bluebird  {Siaiia  sutlis  L. ),  which  had  come  from  the  hole  in  the  snag,  was  driven 
from  her  box.  The  Martin  {Pi^ogne  mbU  L. ),  which,  like  the  Chimney  Swift 
{Chivtitra  peUujica  L. ),  formerly  nested  in  hollow  trees,  left  its  nesting  sites  about 
the  house,  and  even  the  Eave  Swallow  { Petrochelidon  lunifrons  Say.),  which,  in 
olden  times,  fastened  its  nest  to  the  cliffs,  was,  in  some  cases,  driven  away.  The 
warfare  with  this  aggressive  little  foreigner  still  continues,  worse  gome  places  than 
others.  But  it  has  such  surprising  powers  of  reproduction  and  such  unheard  of 
audacity  it  seems  they  must  soon  cover  our  entire  continent.  The  history  of  the 
German  Carp  {Cyprinwa  carpio  \j.)  in  this  country  illustrates  the  same  persistent 
and  successful  struggle  for  the  mastery  in  our  water  ways  that  has  been  noted  of 
the  House  Sparrow  on  the  land. 

In  time  fashion  demanded  of  that  which  neither  man's  appetite  nor  his  need 
f(»r  protection  had  impelled  him  to  take.  Her  altars  were  erected  and  upon  them 
sacrifices  of  animals  -a  host  innumerable — were  offered.  Fur  bearing  animals 
and  bright  plumaged  birds  were  most  earnestly  desired,  but  even  the  shells  of 
turtles,  the  skins  of  snakes,  the  teeth  of  alligators  and  the  pearls  of  fresh  water 
muscles  were  acceptable  offerings.  The  extent  of  the  destruction  of  innocent 
bird  lives  alone  is  appalling.  A  few  facts  may  convey  some  idea  of  this.  Among 
the  items  of  one  auction  sale  in  Ix)ndon  were  6,000  Birds  of  Paradise;  5,000  Im- 
peyan  Pheasants;  300,000  assorted  skins  from  India;  400,000  Humming  birds, 
(hie  dealer  in  1887  sold  no  less  than  2,000,000  bird  skins  *  It  is  probable  not  less 
than  5,000,000  birds  were  required  a  year  to  supply  the  demand  in  this  country 
alone  when  the  bird-wearing  "craze"  was  at  its  height.  From  information  ob- 
tainable it  is  certain  that  hundreds  of  thousands  of  birds  must  have  been  slain 
in  the  United  States  for  the  glory  of  fashion's  devotees.  To  this  great  number  of 
victims  our  own  State  has  been,  to  a  greater  or  less  extent,  a  contributor.  Many 
counties  in  Indiana  were  visited  by  bird  hunters.  It  is  said  from  Indiana|K>lis 
alone  5,000  binls,  prepared   for  millinery  purposes,  were  shipped  in  one  year.  * 

1.  Lucas.    Report  r.  S.  National  Museum,  1889,  p.  (UL 

2.  Science.    Vol.  VII,  188rt,  p.  240. 
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Under  our  present  law,  which  seems  to  be  well  enforced,  it  is  a  pleasure  to  say 
our  birds  are  apparently  free  from  that  danger. 

Changes  still  continue.  The  future  will  record  them  as  has  the  past. 
Those  to  come  promise  to  be  more  fruitful  of  results,  to  be  of  greater  moment  to 
mankind,  to  bring  more  earnest  messages  for  human  weal  or  woe.  But  no  time 
in  the  future  will  the  changes  in  the  aspects  of  nature  here  be  so  noticeable,  so 
incomprehensible,  because  of  their  vastness,  as  have  those  of  the  century  just 
closing. 

Unconscious  Mental  Cerebration.     By  C.  E.  Newlin. 

If  it  be  true,  as  Dr.  Kay  says,  that  *'our  mental  progress  is  in  the  direction 
of  our  becoming  unconscious,  or  largely  unconscious,  of  many  of  our  ac:ivities," 
and  ''the  great  object  of  education  should  be  to  transfer  as  much  as  possible  of 
our  actions  from  the  conscious  to  the  unconscious  regions  of  the  mind,"  it  seems 
to  me  our  efforts  should  be  more  largely  directed  to  the  training  of  the  mind  in 
its  method  of  acting^  and  less  to  the  accomplishing  of  definite  tasks.  It  seems  to 
me  that  much  of  our  failure  in  accomplishing  results  is  caused  by  the  very  effort 
to  accomplish  them.  The  worry  over  the  effort  and  the  intense  desire  to  succeed 
incapacitates  the  mind  for  clear  action.  If  we  could  only  be  oblivious  to  the 
effort  to  think  out  a  problem  in  any  phase  of  life  we  would  more  easily  reach  the 
desired  end.  As  in  riding  on  a  smoothly  moving  train,  we  are  unconscious  of  the 
motion  until  we  look  out  on  the  passing  objects,  so  we  should  be  entirely  uncon- 
scious of  the  vehicle  of  thought  and  the  ends  to  be  attained,  and  let  the  mind 
attend  to  its  thinking  unhindered. 

Dr.  Mandsly  says:  **The  interference  of  consciousness  is  often  an  actual 
hindrance  to  the  association  of  ideas." 

Much  of  this  desired  condition  is  attained  through  cultivation  of  the  facul- 
ties. When  an  action  becomes  a  habit  the  reffex  action  is  unconscious.  Dr.  Kay 
says:  **The  more  we  cultivate  and  train  any  faculty  or  power,  the  more  easily 
and  rapidly  does  it  perform  its  work;  the  less  consciousness  concerned  in  it  the 
more  work  does  it  accomplish  and  the  less  does  it  fatigue." 

Dr.  Morrell  says:  *'A  purely  unconscious  action  is  accompanied  by  no 
fatigue  at  all."  In  my  investigation  I  am  convinced  he  is  very  nearly,  if  not  en- 
tirely, correct.  For  example,  the  receiving  teller  of  a  bank  will  run  up  the  long 
columns  of  rigures  in  adding  with  ease,  and  fatigue  only  to  the  extent  of  his  con- 
sciousness of  his  acts. 

But  I  am  convinced  this  is  not  altogether  a  matter  of  practice.  It  is  partly 
due  to  the  method  of  thought.  lie  reads  the  figures  and  their  combinations  much 
as'one  reads  words,  without  thinking  consciously  of  each  lettef  in  the  words.     A 


43 

hill  clerk  will  extend  the  totals  of  goods  as  quick  as  he  can  write  thera  when  the 
number  of  articles  or  yards  and  the  price  are  given.  Some  accountants  will  add 
two  or  three  columns  at  once  almost  as  rapidly  as  he  would  read  the  same  length 
of  printed  words. 

When  in  school  I  was  given  the  problem  of  running  a  railroad  much  in  the 
shape  of  a  letter  S  through  three  given  towns.  After  working  four  days  on  it 
and  late  into  the  night  I  decided  to  give  it  up,  and  prepared  to  retire.  My  in- 
struments and  figures  still  lay  spread  out  on  the  table,  and  as  I  passed  the  table 
to  hang  up  my  coat  unconsciously  my  eyes  fell  on  the  figures,  an<f  the  solution 
<*ame  to  me  instantly,  and  I  solved  it  and  drew  the  figures  in  less  than  a  minute. 
I  do  not  believe  I  would  ever  have  solved  it  if  I  had  not  given  it  up  and  thus 
relieved  mv  mind  of  the  intense  consciousness  of  the  eflTort  to  solve  it. 

When  my  father  was  a  young  man  teaching  school  he  had  given  his  class  a 
long  problem  in  partial  payments.  The  class  failed  to  solve  it,  and  when  he  tried 
it  he  failed  also.  Being  unwilling  to  let  them  know  he  had  failed,  he  worked  on 
it  every  spare  moment  for  several  days.  One  night  he  worked  at  it  until  late  at 
night,  failed  a<i:ain,  decided  to  give  it  up,  and  retired.  In  the  night  his  mother 
heard  him  marking  on  the  slate  in  the  dark  room  and  asked  him  what  he  was 
doing.  He  told  her  in  his  sleep  he  was  trying  to  solve  the  problem.  She  let  him 
work  on  for  some  time,  when  he  again  retired.  He  did  not  waken  until  called 
to  breakfast  the  next  morning,  and  when  questioned  in  regard  to  the  problem 
said  he  had  failed  to  solve  it  and  had  given  it  up  for  good.  In  the  meantime  his 
mother  had  turned  the  slate  over.  His  father  insisted  he  should  not  give  it  up, 
and  induced  him  to  try  it  again.  He  did  so,  working  on  the  other  side  of  the 
slate,  but  he  again  failed.  On  turning  the  slate  over  they  found  he  had  solved 
the  problem  correctly,  covering  the  entire  side  of  the  slate  with  his  work,  in  his 
sleep  and  in  a  dark  room,  and  yet  remembered  nothing  of  it  and  could  not  solve 
it  the  next  morning.  This  seems  such  a  remarkable  case  that  I  thought  it  worthy 
of  giving  to  you  as  an  illustration. 

My  conclusions  are  that  we  are  wasting  much  time  in  life  with  simple  mental 
acts  that  should  be  done  unconsciously,  and  our  very  consciousness  often  defeats 
the  effort.  It  seems  to  me  we  should  spend  more  time  learning  hoiv  to  think,  and 
in  concentrating  our  mind  on  the  matter  in  hand  regardless  entirely  of  all  accom- 
panying subjects  or  the  result  of  our  thought.  If  this  be  true  the  "To  learn  to 
do  by  doing"  does  not  cover  all,  nor  the  most  important,  of  the  ground. 
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Means  of  Preventing  Hog  Choleba.     By  D.  W.  Dennis. 

During  the  spring  term  of  1894  T  gave  twelve  chapel  lectures  at  Eurlham 
College  on  the  conquest  of  disease.  In  one  of  these  lectures  I  di$cu8se<l  the 
late  cholera  pestilence  in  Hamburg  and  presented  a  bulletin  like  those  posted  up 
throughout  the  city,  directing  the  sterilization  by  boiling  of  every  article  of  food 
and  drink  and  of  all  infected  utensils  and  clothing.  I  called  attention  to  the 
fact  that  science  had  not  only  kept  the  plague  from  crossing  the  ocean,  but  had 
limited  it  by  a  single  street  in  the  city  of  Hamburg  itself. 

Mr.  Porter  Cook,  of  Wilkinson,  Hancock  County,  was  a  student  with  us  at 
that  time.  His  father,  Mr.  Lorenzo  D.  Cook,  had  lost  by  hog  cholera  what  he  sup- 
posed was  at  least  50  percent,  of  his  hogs  for  the  ten  previous  years.  The  disease  had 
been  among  his  hogs  every  year,  and  he  had  lost  some  years  as  high  as  five  out  of 
every  six.  It  was  the  habit  of  the  disease  to  break  out  during  the  summer  months 
among  the  hogs  destined  for  the  following  November  market.  When  Mr.  Cook 
returned  home  at  the  end  of  the  term  he  found  the  disease  beginning  among  their 
hogs  as  usual.  He  at  once  determined  to  try  the  effect  of  sterilizing  all  the  drink* 
ing  water  given  to  the  hogs  by  boiling  it  with  a  little  corn  or  wheat  in  it  to  give 
the  hogs  a  relish  for  it.  The  two  that  were  then  sick  of  the  cholera  got  well  and 
there  has  been  no  cholera  on  his  place  since.  He  has  never  permitted  his  hogs 
to  drink  anything  but  boiled  water  since. 

During  last  month  a  neighbor  on  the  west  has  lost  seven  out  of  eighteen  ;  a 
neighbor  on  the  north  had  a  hundred  head;  the  cholera  broke  ont  among  them 
and  he  sold  all  but  twenty-five,  and  of  this  number  he  thinks  four  will  recover. 
A  third  neighbor  has  lost  eight  out  of  seventeen.  There  could  not  be  a  more  sat- 
isfactory single  experiment  tried. 

On  a  farm  that  had  not  for  ten  years  escaped  the  disease,  no  case  has  occurred 
since  the  water  has  been  boiled,  t.  c,  for  two  years,  and  during  these  two  years 
every  adjoining  neighbor  has  been  continuously  troubled  with  the  disease. 

Mr.  Cook  says  that  his  hogs  have  contracted  a  liking  for  boiled  water  and 
that  they  will  not  drink  rain  water  when  it  gathers  in  pools  in  the  fields,  but 
wait  for  watering  time  instead.  Two  other  facts  which  have  come  to  my  notice 
strengthen  the  view  that  boiling  the  water  will  entirely  prevent  the  disi'asi'.  A 
farmer  in  Wayne  County  never  has  had  the  cholera  among  his  hogs.  None  of  his 
neighbors'  hogs  have  escaped  the  disease.  Their  hogs  all  drink  from  the  neighbor- 
hood streams,  his  from  a  spring  in  his  field.  A  farmer  near  Hillsboro,  Ohio, 
when  the  disease  was  prevalent,  divided  a  drove  of  100  into  two  parts;  half 
he  watered  from  his  well  and  the  others  at  a  stream.  Of  those  watered  at  the 
well  none  died;  of  the  others  more  than  half.  I  have  within  the  last  week  in- 
stituted a  number  of  experiments,  similar  to  the  one  Mr.  Cook  tried,  in  different 
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parts  of  the  State  where  the  disease  is  now  prevalent,  and  I  submit  that  the 
splendid  results  above  given  demand  that  a  fair  and  extensive  trial  be  made.  In 
a  large  part  of  Indiana,  namely,  where  there  is  natural  gas,  the  experiment  will 
cost  but  little  either  in  money  or  trouble,  and  if  it  is  efficacious  as  it  seems  to  have 
been  in  this  one  case,  to  arrest  the  progress  of  the  disease  after  it  bieaksout  in  the 
drove,  it  will  very  richly  repay  the  expense  and  trouble  in  every  part  of  the 
country.  The  question  does  not  alone  concern  the  farmer  whose  hogs  die ;  it  is 
the  policy  of  many  raisers  to  sell  fattening  hogs  as  soon  as  the  disease  breaks  out, 
and  there  can  be  no  (juestion  that  much  diseased  meat  is  every  year  on  the  general 
market. 

Prof.  Noyes,  of  the  Hygienic  Laboratory  of  Ann  Arbor,  writes  me,  under  date 
of  December  20th,  that  he  does  not  know  of  any  experimentation  on  a  large  scale 
along  this  line.  He  hao,  I  know,  given  much  attention  to  the  diseases,  and  would 
he  likely  to  know  of  such  experiments  if  they  had  been  made.  Both  the  general 
government  and  the  governments  of  several  of  the  States  are  spending  large  sums 
of  money  at  experiment  stations  for  the  arrest  of  this  disease.  The  results  so  far 
reached,  interesting  from  a  scientific  standpoint,  are  useless  in  the  field  because  of 
the  skill  and  exi)ense  which  the  application  of  the  remedies  requires.  The  pur- 
pose of  presenting  this  paper  here  is  to  secure,  if  possible,  the  co-operation  of  a 
hundred  stock-raisers  in  different  parts  of  the  State,  and  differently  surrounded, 
that  a  demonstrative  test  of  this  simple  remedy  may,  in  the  next  twelve  months, 
be  had.  Tbe  animals  experimented  upon  must  be  isolated  from  all  sources  from 
which  they  can  obtain  drink,  and  given  only  water  to  drink  which  has  just  been 
boiled  ;  it  should  be  served  as  hot  as  the  hogs  will  drink  it  in  clean  troughs.  Can 
we  secure  these  experiments  tried  in  this  way.  Six  dips  in  Jordan  and  one  in 
Parphar  will  be  no  experiment  at  all.  It  would  be  worth  while  for  us  to  show,  if 
we  can,  that  on  the  White  River,  also,  the  simple  is  the  sublime. 


The  "Hopkins  Seaside  Laboratory"  at  Pacific  Grove,  Cal.     By   B.  M, 

Davis. 

[Abstract.] 

The  great  variety  in  fauna  and  flora,  both  in  inland  and  marine  forms,  make 
the  Pacific  Slope  and  Coast,  particularly  that  included  in  California,  attractive 
to  naturalists.  As  soon  as  Dr.  Oliver  P.  Jenkins  and  Dr.  Chas.  H.  Gilbert  took 
their  places  in  the  Stanford  faculty  they  recognized  the  resources  of  the  coast 
from  the  standpoint  of  biologists.  They  immediately  began  to  consider  plans  for 
establishing  a  biological  station  on  the  coast,  and,  after  a  careful  survey  of  the 
whole  coast,  decided  on  Pacific  Grove  as  the  best  location.     The  first  substantial 
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aid  was  $300  given  by  the  town  of  Pacific  "Grove,  and  $500  given  by  the  Pacific 
Improvement  Company.     With  thi8  a  temporary  establishment  was  maintained. 

This  beginning  was  put  on  a  firmer  basis  by  the  generosity  of  Mr.  Timothy 
Hopkins,  a  resident  of  San  Francisco,  and  the  present  laboratory,  known  as  the 
"  Hopkins*  Seaside  Laboratory,"  is  the  result. 

Pacific  Grove  is  on  Monterey  Hay,  two  miles  from  the  old  California  capital 
of  Monterey,  and  is  reached  by  a  branch  of  the  Southern  Pacific  Railway  and  by 
the  Pacific  Steamship  Line.  The  coast  is  irregular  and  rocky,  yielding  great  va- 
riety of  forms.  Working  material  may  be  gotten  from  the  Chinese  and  Portugese 
fishermen,  both  of  whom  have  villages  there. 

There  are  two  buildings ;  the  older  one  contains  three  general  laboratories, 
a  supply  room  and  seven  rooms  for  investigators ;  the  other  building  has  a  gen- 
eral lecture  room,  library  room,  a  general  laboratory,  ten  rooms  for  investigators 
and  a  dark  room  for  photographic  work.  The  basement  is  designed  for  aquaria. 
The  library  and  apparatus  of  Ijeland  Stanford  University  is  used.  Each  stud- 
ent is  provided  with  a  compound  microscope,  reagents  and  all  accessary  apparatus 
needful  in  his  work.  Salt  and  fresh  water  is  in  both  buildings  and  so  distributed 
that  each  student  may  preserve  his  collections.  The  investigators'  rooms  are  sim- 
ilarly provided.     The  laboratory  provides  for  three  classes  of  students : 

First.  Investigators  who  are  capable  of  carrying  on  independent  researches 
in  morphology  or  physiology. 

Second.  Students  of  Stanford  University,  who  wish  to  pursue  their  work 
Hinder  more  favorable  circumstances  and  gain  knowledge  of  practical  methods  of 
iresearch. 

Third.  Students  and  teachers  interested  in  biology,  who  wish  to  become  ac- 
<(|nainted  with  recent  biological  methods.  For  these  courses  of  lectures  are  pro- 
vided, supplemented  by  individual  instruction  at  the  work  tables. 

The  spirit  (»f  the  school  is  excellent.  No  hours  are  definitely  appointed, 
hut  students  may  be  found  at  work  from  early  in  the  morning  until  late  at  night. 
Although  the  laboratory  has  been  open  practically  only  three  years  the  advance- 
ment already  made  and  the  evidence  of  increasing  interest  assure  its  future  pros- 
perity and  growth. 

Infection  by  Bread.     By  Katherine  E.  Golden. 

In  recent  years,  since  the  subject  of  bacteriology  has  made  such  headway, 
there  have  been  numerous  scares  among  the  people;  sometimes  it  is  tuberculosis 
in  milk  and  meat,  then  the  development  of  ptomaines  in  fish,  clams,  canned  goods, 
€tc.,  the  list  going  on  indefinitely.     Among  these  the  dangers  from  bread  baked 
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in  basements,  in  ^'sweatshops,''  and  by  people  who  were  not  sufficiently  clean, 
personally,  have  been  dwelt  upon  in  newspapers,  and  even  in  the  Century  Maf^a- 
zine  an  article  appeared  a  year  or  so  ago  from  a  prominent  member  of  the  New 
York  Board  of  Health,  advocating  certain  methods  of  making  bread  in  which 
baking  powder  should  be  used  instead  of  yeast,  so  as  to  do  away  with  the  kneading 
and  the  consequent  handling  of  the  dough.  Some  of  the  cooking  school  teachers 
have  advocated  the  same  thing,  claiming  in  addition  that  in  bread  not  thoroughly 
cooked  the  yeast  is  not  killed,  and  that  on  its  introduction  into  the  stomach  a 
fermentation  is  set  up. 

To  test  the  validity  of  these  claims  I  made  a  number  of  experiments  upou 
breads  gotten  from  Lafayette  bakers,  the  brt>ads  being  obtained  from  the  grocers, 
the  object  for  which  they  were  to  be  used  not  being  stated.  Specimens  of  the 
ordinary  loaves,  and  also  rolls  that  require  a  shorter  time  in  baking,  were  ob- 
tained, an  attempt  being  made  also  to  select  those  specimens  showing  the  least 
baking.  In  making  the  tests  care  was  taken  that  outside  germs  should  not  be  in- 
troduced. 1  first  washed  my  hands  with  corrosive  sublimate  solution,  then 
singed  the  outside  of  the  loaf  by  means  of  a  gas  flame;  the  loaf  was  then  broken 
o^ien  and  a  piece  of  about  one  gram  weight  taken  from  the  center  with  sterilized 
forceps  and  placed  in  test  tubes  of  sterilised  beer  wort.  The  specimens  of  bread 
were  allowed  to  remain  in  this  medium  for  about  ten  days,  then  plate  cultures 
were  made,  the  gelatine  for  the  plate  cultures  being  inoculated  from  the  wort  in 
the  tubes.     Duplicate  experiments  were  made  of  each  specimen  of  bread  used. 

Beer  wort  is  one  of  the  best  media  for  the  cultivation  of  yeast,  as  it  contains  an 
abundance  of  the  food  necessary  for  its  growth.  It  is  also  valuable  as  a  medium, 
as  it  becomes  turbid  by  the  growth  and  froths  readily  in  the  fermentation. 

"  In  the  experiments  in  no  case  was  there  any  apparent  growth  in  the  wort;  it 
remained  perfectly  clear,  and  no  gas  was  formed.  In  the  plate  cultures  no 
growth  took  place,  except  in  one  case  in  which  a  mould  grew.  It  is  very  probable 
this  was  introduced  in  the  manipulation,  as  the  duplicate  showed  no  growth. 

Duplicates  of  these  experiments  were  made  with  bread  obtained  from  Boston, 
with  the  same  results.  The  Boston  bread  was  bought  in  some  of  the  large  grocery 
stores  and  restaurants,  which  would,  of  course,  insure  the  bread  having  come 
from  reputable  bakers.  I  was  not  successful  in  obtaining  any  basement  made 
bread  or  that  from  so-called  * 'sweat-shops'*  where  the  cleanliness  is  questionable. 

Enough  has  been  done,  however,  to  demonstrate  that  yeast  and  the  ordinary 
bacteria  found  in  dough  are  killed  in  the  baking,  and  that  any  germs  introduced 
into  the  stomach  by  means  of  the  bread  have  come  from  the  outside  of  the  loaf, 
and  have  been  deposited  upon  it  after  the  baking.  If  any  doubt  exists  in. one's 
mind  in  regard  to  the  place  from  which  he  has  obtained  bread,  it  is  very  easy  to 
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render  the  bread  safe  from  living  germs  by  singeing  the  surface  with  a  flame.  As  tlie 
interior  of  a  loaf  of  bread  is  raised  to  nearly  100°  ('.  in  the  baking,  besides  steam 
being  generated,  the  conditions  are  such  that  yeast  can  not  live,  and  most  bacteria 
can  not  resist  this  prolonged  steam  heat.  The  danger  in  bread  is  not  the  intro- 
duction of  living  germs  into  the  system,  but  the  introduction  of  ptomaines  forme<l 
by  bacteria  during  the  rising  of  the  dough.  As  the  rising  is  done  inside  of  six 
or  seven  hours,  the  danger  from  this  source  is  very  slight,  as  it  would  take  con- 
siderably longer  than  that  time  for  sufficient  ptomaine  to  be  generated  to  be  in- 
jurious; moreover,  the  yeast  is  there  in  sufficiently  large  quantities  to  check  the 
growth  of  any  foreign  organism,  that  must  of  necessity  be  there  in  small 
quantities. 

Simple  Apparatus  for  Photo-Micocjraphy.     15y  M.  J.  Golden. 

This  device  enables  one  to  secure  a  photograph  of  a  section  with  little  loss  of 
time,  and  with  little  disturbance  of  the  section. 

The  device  consists  of  a  piece  of  board,  about  an  inch  thick,  forty  inches 
long  and  about  twelve  inches  wide,  to  which  are  attached  a  shelf  to  hold  the 
microscope,  and  a  sliding  piece  with  a  pair  of  brackets  to  carry  the  box  of  an  or- 
•dinary  hand  camera.  Tnder  the  shelf  another  piece  of  board  is  fastened  to  the 
iirst,  at  right  angles,  and  this  assists  in  supporting  the  shelf,  and  serves  ns  a  leg 
to  help  keep  the  apparatus  in  an  upright  position. 

The  back,  leg,  shelf  and  sliding  piece  may  be  constructed  from  a  piece  of 
smooth  pine  board  ;  and  the  bolts  and  nut  used  with  the  sliding  piece  are  ordi- 
nary machine  ones,  that  may  begotten  at  a  hardware  store.  One  of  the  bolts  must 
have  the  same  pitch  as  the  hole  in  the  camera  box,  by  which  it  is  fastened  to  the 
tripod.  One  may  easily  make  this  stand  for  himself,  or  have  it  made  by  a  car- 
penter at  little  cost. 

The  lens  of  the  camera  is  removed,  and  a  funnel  made  of  heavy,  black  cloth, 
or  some  corresponding  material  having  Hexibility,  put  in  place  of  it,  so  that  light- 
tight  connection  may  be  made  between  the  camera  box  and  the  eye-piece  of  the 
microscope.  If  this  cloth  funnel  be  terminated  in  a  small  cone,  made  of  tin  or 
paste-board,  to  fit  over  the  eye-piece,  the  adjustment  to  the  microscope  can  be  more 
rapidly  made. 

By  using  a  camera  box,  one  can  also  use  the  ordinary  plate  holders  for  his 
negatives,  and  he  can  get  his  focus  on  the  ground  glass.  Of  course,  the  jdates 
may  be  developed  at  one's  leisure. 

The  advantage  of  the  apparatus  is  that  one  can,  with  slight  cost,  have  at 
hand  in  the  laboratory,  means  for  making  a  permanent  record  of  any  peculiarity 
in  a  section  that  he  may  find,  with  the  expenditure  of  very  little  time. 
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It  will  be  found  that  greater  uniformity  in  the  negatives  from  tlie  sections 
<"an  be  gotten  by  using  an  artificial  light  rather  than  natural  light;  a  Wellsbach 
incandescent  gas  lamp  gives  good  results. 


Sanitary  Science  in  the  Modern  College.     By  Severance  Burrage. 

Tlie  modem  college  should  reflect  in  its  curriculum  the  best,  the  most  ad- 
vaiu'e<l  thought  of  the  time  on  the  physical  as  well  as  the  mental  and  moral  life 
of  the  people.  Many  old  habits  and  customs  which  have  been  generally  adopted 
into  family  life  have  been  curtailed,  leaving  room  for  more  modern  ideas  and 
<lisc()veries. 

One  of  the  most  profound  changes  in  the  latter  part  of  this  Nineteenth  Cen- 
tury lias  been  in  our  attitude  toward  the  physical  welfare  of  mankind,  especially 
in  regard  to  the  causes  and  prevention  of  disease.  This  is  no  longer  a  matter  of 
importance  to  the  medical  profession  alone;  in  fact  the  physician  deals  mainly 
with  the  cure  of  disease,  not  its  prevention;  therefore,  in  order  that  the  coming 
generation  shall  be  prepared  to  meet  and  grapple  with  these  vital  problems,  to 
apply  the  new  ideas  intelligently  they  must  become  familiar  with  the  fundamental 
principles  of  sanitary  science.  This  is  particularly  true  in  view  of  the  extended 
j^rowth  of  community  life.  The  decline  of  individual  responsibility,  and  the  in- 
crease in  one  form  or  another  of  socialism,  makes  the  necessity  for  public  super- 
vision doubly  important.  Public  supplies  are  public  dangers,  and,  therefore  the 
supervision  of  them  must  be  expert.  The  expert  must  be  intelligent,  and  perhaps 
more  important  still,  he  must  be  backed  by  an  intelligent  public  opinicm.  Here, 
then,  are  the  two  great  vacancies  to  be  filled — the  expert  sanitarian  and  the  well 
informed  citizen.  No  college  should  send  out  its  students  without  some  insight 
into  this  new  science  of  the  public  health.  Whether  the  course  be  compulsory  or 
vlective  may  be  a  matter  of  opinion,  but  the  important  bearing  of  such  a  train- 
ing must  be  evident.  This  training  should  include  a  certain  knowledge  of  sani- 
tary chemistry,  as  applied  to  the  analysis  of  air,  water,  milk,  butter,  cheese  and 
other  foods,  as  well  as  the  principles  of  bacteriology,  showing  the  importance  of 
cleanliness  in  the  home,  in  the  public  places  of  the  community,  and  in  the  general 
habits  of  living.  If  the  student  is  made  to  see,  by  actual  laboratory  experiment, 
that  the  air  is  full  of  dust,  much  of  which  is  living  matter  in  the  form  of  mold 
and  bacteria  sjmres ;  if  he  examines  a  sample  of  milk  and  finds  a  million  or  more 
bacteria,  and  if  he  understands  that  wherever  there  is  decaying  animal  or  vege- 
table matter,  there  are  myriads  upon  myriads  of  living  microbes,  then  there  is 
4 


50 

oDe  more  citizen,  who,  after  he  graduates,  will  insist  on  a  neatly  kepi  house  in  u 
clean,  healthy  neighborhood ;  who  will,  we  hope,  find  out  who  his  milkman  is, 
and  what  kind  of  milk  he  and  his  family  are  drinking.  Then,  moreover,  he  will 
understand  the  importance  of  having,  in  the  thickly  settled  communities,  efficient 
men,  free  from  politics,  to  look  after  the  public  supplies  of  water,  ice,  milk  and 
meat;  the  removal  of  garbage  and  disposal  of  sewage;  the  ventilation  of  public 
buildings  and  the  cleaning  of  the  streets,  the  isolation  of  contagious  diseases,  etc. 

Aside  from  the  importance  of  this  work  as  shown  abov^e,  it  is  a  most  valuable 
training  for  the  young  man  or  woman  as  a  laboratory  course.  Dr.  George  M. 
Sternberg,  Surgeon-General  of  the  United  States  Army,  in  his  address  given  in 
September  before  the  Georgetown  Medical  College,  gives  very  much  importance 
to  bacteriological  work  as  a  most  excellent  exercise  for  teaching  the  student  to 
observe.  This  was  meant  particularly  for  the  preparation  of  men  for  the  medical 
profession,  but  accurate  observation  is  desirable  for,  and  often  woefully  lacking 
in  our  modern  citizens,  both  men  and  women.  The  many  delicate  tests,  chemical 
and  physical,  that  are  essential  in  modern  bacteriology  give  exceptional  oppor- 
tunities for  a  training  of  this  kind.  The  careful  manipulation  necessary  in  mak- 
ing microscopical  preparations  of  bacteria,  diseased  tissues,  etc.,  gives  ample 
chance  for  the  training  of  the  hand  as  well  as  the  eye. 

The  study  of  vital  statistics,  which  to  a  certain  extent  should  enter  into  a 
course  of  this  kind,  would  necessarily  show  the  need  of  accurate  systems  of  reg- 
istering births,  deaths  and  cases  of  infectious  diseases. 

Much  has  been  done  in  the  last  ten  years  toward  establishing  such  courses  in 
sanitary  chemistry  and  biology,  and  the  recent  (irift  of  Miss  Culver  to  Chicago 
University,  providing  especially  for  departments  in  sanitary  science  and  hygiene, 
shows  clearly  that  the  subject  is  not  only  in  the  public  eye,  but  that  its  import- 
ance is  even  beginning  to  be  realized.  Indianapolis  is  alive  to  the  subject,  having 
this  month  passed  the  ordinance  providing  for  the  supervision  of  the  milk  supply 
and  inspection  of  the  dairies. 

We  see,  then,  that  the  rapid  developement  of  applied  biology  and  hygiene  is  call- 
ing for  and  must  have  intelligent,  well-trained  men  and  women  to  lessen  the  dan- 
gers that  arise  from  public  supplies  of  various  kinds ;  to  teach  the  children  as 
well  as  the  public,  their  duty  from  the  sanitary  standpoint  toward  their  neigh- 
bors, and  to  assist  in  the  solution  of  problems  that  are  today  perplexing  physi- 
cians and  scientists.  Many  of  these  wants  can  be,  and  are  being  supplied  by  the 
colleges  and  scientific  schools,  and  the  periodicals  and  the  public  press  are  earn- 
estly pushing  on  the  good  cause. 
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It  can  liardiv  he  less  than  an  educational  and  scientific  duty  for  us  to  see  to 
it  that  the  young  people  who  are  graduated  from  our  modern  colleges  shall  have 
at  least  a  realizing  sense  of  this  new  scientific  development,  all  of  which  has 
grown  up  within  the  last  forty  years. 


The  Charleston  (Mo.)  Earthquake.     By  A.  H.  Purdue. 

The  earthquake  of  October  31,  1895,  is  the  greatest  seismic  disturbance  that 

* 
has  occurred   in    the   Mississippi  Valley  since   the   noted  earthquake  of   1811. 

Though  nowhere  intense  enough  to  do  great  injury  to  buihlings,  it  was  perceptible 

i)ver  an  area  of  more  than  400,000  square  miles. 

A  short  time  after  the  occurrence  of  the  earthquake  the  writer  communicated 
blanks  to  the  teachers  of  scieuce  in  seventy-five  cities  and  towns  in  the  States  of 
Indiana,  Illinois,  Missouri,  Arkansas,  Alabama,  Mississippi,  Greorgia,  Kentucky 
and  Tennessee,  requesting  information  concerning  the  time,  duration  and  in- 
tensity of  the  shock,  together  with  the  apparent  course  of  wave  movement,  and 
sul)sequent  phenomena.  The  major  part  of  these  blanks  was  sent  to  science 
teachers  of  Indiana  with  a  view  to  determining,  if  possible,  whether  the  great 
volume  of  gas  removed  in  recent  years  has  had  any  effect  on  the  stability  of  the 
iTUsi  within  the  gas  region.  It  seemed  not  unreasonable  to  suppose  that  the 
relief  of  pressure  within  the  rocks  from  which  gas  has  been  removed  has  left  them 
in  a  strain,  in  which  case  the  earthquake  waves  might  produce  a  collapse  which 
Avould  be  indicated  by  their  reinforced  intensity. 

Of  the  seventy-five  blanks  sent  out,  only  thirty-nine  were  returned,  con- 
sequently my  information  is  not  so  complete  as  I  had  ho)>ed  to  secure.  Of  the 
thirty-nine  received,  however,  twenty -seven  are  from  Indiana,  so  that  the  facts 
concerning  that  field  are  tolerably  complete. 

The  reports  sent  in  substantiate  what  the  newspapers  had  already  indicated, 
viz.,  that  the  ei>icentruni  was  in  the  vicinity  of  Charleston,  Missouri.  The  per- 
son ^*  reporting  from  that  place  says  that  the  force  was  "suflicient  to  break 
several  plat^-glass  windows,  crack  brick  walls,  and  throw  down  brick  chimneys." 
He  also  reports:  ''About  four  miles  southwest  of  this  place  the  ground  was 
cracked  open  in  several  places,  and  sand  and  water  were  forced  from  the  fissures, 
causing  what  are  commonly  known  in  this  section  as  sandblows.  For  a  few 
minutes  afterward  water  spurted  from  several  pumps."     There  were  at  least  two 

^  A.  R.  Boon. 
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slight  shocks  immediately  following  the  severe  one,  at  intervals  of  ten  or  titteeii 
minutes.  Subsetjuently  earthquakes  occurred  on  November  1  at  8:15  p.  m.; 
November  2  at  9:50  A.  m.,  and  November  17  at  9:20  p.  m. 

A  good  deal  of  injury  to  buildings  is  reported  from  Cairo,  Illinois.  At  that 
place  there  is  reported  to  have  been  at  least  one  shock  each  day  during  the  tir^t 
five  days  of  November.     During  one  day  there  were  three  shocks. 

At  Columbus,  Kentucky,  the  shock  wa«  sufficient  to  crack  brick  walls  and 
throw  off  plaster.  As  at  Charleston  the  first  shock  was  immediately  followed  by 
two  others  of  less  intensity.  One  subsequent  earthquake  is  reported  for  Novem- 
ber 1  at  8:00  p.  M. 

From  nowhere  else  do  the  reports  indicate  such  intense  movement  as  at  these 
three  places,  and  from  no  other  place  is  there  an  earthquake  reported  subsequent 
to  the  one  of  October  31st.  As  the  three  places  are  within  a  radius  of  twenty- 
five  miles,  the  epicentrum  can  be  considered  fairly  well  located. 

Reports  from  the  Indiana  gas  field  and  vicinity  indicate  a  movement  slightly 
more  intense  than  those  from  other  parts  of  the  State,  but  the  increased  force 
was  not  sufficient  to  justify  the  conclusion  that  it  was  due  to  the  removal  of  gas. 
Three  shocks  in  rapid  succession  are  reported  from  Portland  and  Marion;  two 
from  Decatur,  (xoshen,  Lafayette  and  Frankfort.  From  other  places  only  one 
is  mentioned.  The  average  duration  of  the  shock  in  six  towns  and  cities  within 
the  gas  region  was  44.1  seconds.  The  average  duration  of  the  shock  in  sixteen 
towns  and  cities  outside  of  the  gas  field  was  43.2  seconds.  That  the  apparent 
increase  of  intensity  within  the  gas  region  and  vicinity  is  not  necessarily  due  to 
the  removal  of  gas  is  shown  in  the  reports  from  Howling  Green  and  Frankfort, 
Kentucky,  each  of  which  announces  three  shocks.  Frankfort  and  Indianapolis 
are  about  an  equal  distance  from  the  centre  of  disturbance.  At  Batesville, 
Arkansas;  West  Plains,  Missouri,  and  Nashville,  Tennessee,  the  shock  is  reported 
intense.  At  Wichita,  Kansas,  it  was  scarcely  felt.  At  Atlanta,  Georgia,  it  was 
slight. 

Following  the  earthquake  were  increased  fiows  of  gas  at  Portland,  Marion, 
and  Bluffton.  There  were  increased  flows  of  water  at  Columbus,  Shelbyville, 
Albion  and  Wabash.  The  water  in  Blue  River  rose  several  inches  at  Columbia 
City.  The  water  in  Pigeon  Creek,  Warrick  County,  rose  one  and  a  half  feet  the 
day  following  the  earthquake,  but  soon  subsided.  Phenomena  of  this  kind  are  a 
common  result  of  earthquakes. 

The  average  time  of  the  shock  as  reported  from  Indiana  was  5  oVlock,  10 
minutes,  and  30  seconds,  a.  m.  There  was  no  preceptible  difference  between  the 
time  the  wave  was  felt  in  the  southern  part  and  in  the  northern  part  of  the  State. 
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This  indicates  either  an  extreme  velocity  of  movement  or  great  depth  of  dis- 
turbance, probably  both.  The  large  area  affected  and  the  comparative  mildness 
of  the  shock  at  the  epicentrum  indicate  that  the  disturbance  was  deep.  A  disturb- 
ance at  a  small  depth  might  be  felt  over  a  large  area,  but  if  so,  the  force  at  the 
epicentrum  would  be  great.  According  to  the  conclusions  of  Capt.  Dutton  from 
his  studies  of  the  Charleston  (S.  C)  earthquake,*  the  wave  movement  at  that 
time  had  a  velocity  of  about  three  miles  per  second.  At  this  rate,  it  would  re- 
quire 1.38  minutes  for  a  wave  to  travel  from  Charleston,  Missouri,  to  Indianapolis. 
It  will  be  seen  that  it  would  have  recjuired  close  observation  to  determine  the 
difference  in  time  at  which  the  wave  was  felt  at  Evansville  and  at  Indianapolis. 
The  average  time  of  the  shock  as  reported  from  Charleston,  Cairo,  and  Columbus 
was  5  o'clock  8  minutes  and  20  seconds,  or  2  minutes  and  10  seconds  earlier  than 
the  average  time  reported  from  Indiana. 

An  interesting  feature  of  this  earthquake  is  the  fact  that  its  epicentrum  has 
approximately  the  same  position  as  that  of  the  earthquake  of  1811  which  resulted 
in  the  sinking  of  large  areas  about  the  mouth  of  the  Ohio  River  for  a  distance  of 
several  feet. 

There  are  newspaper  reports  of  an  earthquake  at  Cotapaxi,  Colorado,  No- 
vember 18  at  4:10  p.m.  ;  one  at  Greeley,  Colorado,  November  24th  at  5  a.  m.  ;  and 
one  at  Clayton,  Delaware,  November  20,  at  3  a.  m.  There  was  an  earthquake  of 
some  severity  reported  from  Rome  and  Naples,  Italy,  November  1.  When  we 
consider  the  great  frequency  of  earthquakes  in  volcanic  regions  and  in  regions 
where  there  is  great  crustal  disturbance,  these  closely  simultaneous  earthquakes 
in  distant  parts  appear  as  probable  coincidences  hardly  worthy  of  remark.  It  is 
reportedt  that  in  Japan  there  is  an  average  of  at  least  one  earthquake  a  day. 
According  to  the  records  kept  at  Lick  Observatoryt  there  was  an  average  of  one 
earthquake  for  every  11.4  days  in  the  State  of  California  for  the  years  1890  and 
1891. 


*  Ninth  An.  Rep.  U.  S.  Qeolog.  Survey, 
t  Rep.  Brit.  Association,  1884,  p.  242. 
X  Bull.  U.  S.  Geolog.  Survey,  No.  79. 
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Some  Minor  Eroding  Agencies.     Bv  J.  T.  Scovbi.l. 

The  major  or  more  effective  erosive  agents  are  :  Heat  and  cold,  air  and  water, 
plants  and  animals,  wind,  flowing  water  and  ice. 

The  roots  of  growing  vegetation  sometimes  open  fissures  in  soils  and  rocks  so 
as  to  hasten  erosion,  but  generally  growing  vegetation  is  conservative  in  is  action, 
serving  to  hinder  the  work  of  erosion.  But  decaying  vegetation,  especially  trees, 
often  open  the  ground  to  the  water,  and  frequently  a  gully  has  its  beginning  from 
rain-water  entering  the  ground  along  the  decomposing  roots  of  some  ancient  forest 
tree. 

Burrowing  animals,  as  the  ground  hog  and  gopher,  the  badger  and  prairie- 
'dog,  rabbits,  mice  and  crayfish,  bring  loose  soil  to  the  surface,  where  it  can  be 
scattered  by  the  wind  or  washed  away  by  the  rain.  Air  and  water,  by  means  of 
these  openings,  penetrate  the  ground  with  their  disintegrating  powers,  and  the 
cause  of  erosion  receives  material  aid.  Again,  the  track  of  a  mole  breaks  the 
surface,  and  is  the  beginning  of  a  drainage  channel  whose  extent  is  limited  only 
by  the  amount  of  rainfall  and  the  steepness  of  the  slope.  Smaller  animals  of 
lower  groups  are  also  important  erosive  agents. 

Darwin  mentions  earth-worms,  and  calls  attention  to  the  immense  amount  of 
work  they  do  in  working  over  the  soil,  rendering  it  more  porous  and  fertile,  and 
opening  it  to  the  action  of  more  active  agents,  as  air  and  water. 

Burrowing  spiders  do  a  similar  work  ;  they  are  not  as  numerous  as  the  earth- 
worms, but  their  burrows  are  wider  and  generally  deeper  than  those  of  the  earth- 
vorm,  so  that,  with  fewer  numbers,  they  still  do  a  great  amount  of  erosive  work. 
They  are  abundant  everywhere,  in  yards  and  fields,  between  the  bricks  of  walks 
and  by  the  roadside.  Frequently  they  build  a  little  curb  of  sticks,  bits  of  grass 
or  other  material,  so  that  the  burrow  somewhat  resembles  a  well. 

Grasshoppers  aid  in  erosion  when  they  open  the  ground  for  their  eggs.  They 
do  not  form  a  very  large  or  a  very  deep  hole,  but  when  their  great  numbers  are 
considered,  it  soon  appears  that  they  are  erosive  agencies  of  no  mean  proportions. 

The  male  cricket  in  some  localities  does  a  work  that  is  quite  similar  to  that 
of  the  garden  mole,  only  on  a  smaller  scale.  An  immense  numl>er  of  the  cole- 
aptera  spend  a  large  portion  of  their  larval  stage  underground.  The  (Entrance  to 
their  burrows  and  the  opening  for  their  escape  stirs  up  the  ground  to  the  action 
of  air  and  rain.  Thus  these  humble  workers  contribute  their  mite  toward  keep- 
ing the  land  on  the  run  toward  the  sea.  The  numerous  family  of  burrowing 
beetles  and  many  others  as  adult  insects  aid  in  this  work. 
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The  larva  of  the  cycadia  of  different  kinds,  during  their  long  period  of  life  un- 
der ground,  must  do  much  toward  pulverizing  the  soil.  The  larva  of  some  of  the 
tipulid^,  or  crane  flies,  are  among  the  most  effective  of  these  minor  agencies.  I 
found  them  last  season  working  in  shale  and  bowlder  clay.  These  materials  were 
honey-combed  to  a  depth  of  about  three  inches  below  the  level  of  the  water,  and 
so  well  was  the  work  done  that  the  mass  broke  down  easily  in  the  fingers.  The 
materials  removed  in  boring  their  tubes  was  quickly  dissolved  or  washed  away, 
and  penetrating  the  holes  the  water  rapidly  dissolved  the  partitions  or  so  weak- 
ened them  that  even  a  gentle  current  carried  away  the  shale  and  clay  in  great 
quantities. 

Many  different  kinds  of  ants  burrow  in  the  ground  often  ranging  over  large 
areas.  The  amount  of  soil  worked  over  each  year  by  these  little  laborers  must  be 
very  great.  Then  there  are  several  kinds  of  wasps  which  work  more  or  less  ex- 
tensively in  the  soil.  Some  of  the  bees  also  work  in  the  ground,  or  in  banks 
much  like  cliff  swallows.  They  deposit  their  eggs  at  the  bottom  of  a  hole  or  bur- 
row some  two  or  three  inches  deep.  Often  they  build  out  an  entrance  or  porch  to 
the  hole,  possibly  as  a  protection  against  intruders.  Their  work  breaks  up  large 
areas  of  material  each  season  for  the  rains  of  spring  and  autumn  to  dissolve  and 
carry  away.  Many  other  insects  are  engaged  in  this  work,  but  the  ones  mentioned 
are  perhaps  the  more  important.  These  little  fellows  are  among  the  minor 
agencies  of  erosion,  but  the  amount  of  work  accomplished  each  year  is  immense 
and  can  not  be  neglected  in  a  careful  study  of  erosion  and  erosive  agents.  In 
nearly  every  case  the  action  of  these  little  animals  serves  to  enrich  and  fertilize 
the  soil,  thus  promoting  the  growth  of  vegetation  while  aiding  in  erosion. 

KETTLE   HOLES  NEAR   LAKE  MAXINKUCKEE.       By  J.  T.  SCOVILLE. 

Kettle  holes  are  phenomena  incident  to  the  retreat  of  glacial  ice.  They  are 
very  numerous  in  southeastern  Massachusetts  and  are  abundant  throughout  the 
glaciated  area  wherever  the  ice  halted  long  enough  to  form  morainic  deposits. 
They  vary  greatly  in  size,  but  are  usually  somewhat  conical  in  shape.  They  are 
often  occupied  by  water  forming  ponds  or  small  lakes.  There  are  said  to  be  more 
than  300  such  bodies  of  water  in  Plymouth  Township,  Massachusetts.  In  many 
cases,  however,  their  walls  are  of  sand  or  gravel,  which  do  not  retain  water  for 
any  great  length  of  time,  so  that  they  are  usually  dry.  The  holes  are  supposed  to 
have  been  formed  somewhat  as  follows:  The  clay,  sand,  gravel  and  other 
morainic  materials  along  the  margin  of  the  ice  were  irregularly  distributed  so 
that  in  some  places  it  was  so  thick  as  to  protect  the  ice  underneath   from   the 
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action  of  the  sun  until  the  ice  on  all  sides  had  disappeared  leaving  an  island  or 
detached  portion  of  ice,  thickly  covered  with  rocky  fragments,  and  often  sur- 
rounded by  a  deep  layer  of  similar  material  left  by  the  more  rapidly  melting  ice. 
The  drainage  channels  abundant  along  the  margin  of  the  ice  sheet  often  aided  no 
doubt  in  detaching  such  blocks  of  ice. 

As  these  masses  melted  down,  their  loads  of  debris  would  shoot  down  the 
sides,  forming  a  rim,  while  the  core,  as  it  melted,  would  leave  a  hole  or  cavity, 
often  reaching  much  below  the  general  level  of  the  surface. 

Kettle  holes  are  so  characteristic  in  form  that  they  may  be  easily  recognized, 
and  are  indications  of  morainic  materials  that  almost  anybody  can  appreciate  and 
understand.  On  the  west  side  of  Lake  Maxinkuckee,  between  Marmont  and  the 
Arlington  station  there  are  seven  or  eight  kettle  hole^  ranging  from  100  to  300  feet 
in  diameter  and  from  4  or  o  feet  U^  25  feet  in  depth.  Some  have  been  partially  cut 
away  by  the  lake,  others  are  quite  perfect.  One  near  the  end  of  Ix>ng  Point  has 
been  about  one-half  cut  away,  and  the  big  ice  house  of  Ilolt  &  Co.  occupies  a 
portion  of  an  old  kettle  hole.  The  lake  itself  doubtless  occupies  a  portion  of  an  old 
drainage  channel,  the  deeper  portions  being  simply  old  kettle  holes.  It  is  interest- 
ing to  study  these  remains  or  relics  of  the  glacier,  so  symmetrical  in  form,  so  perfect 
in  outline  that  they  seem  as  if  made  but  yesterday,  as  if  fresh  from  the  hand  of 
the  builder,  making  one  feel  sure  that  the  ice  is  just  over  them  a  little  way,  and 
that  the  hills  have  just  barely  had  time  to  clothe  themselves  with  verdure  since 
the  ice  king  yielded  up  his  scepter  to  the  sun. 


A  Relief  Map  of  Arkansas.     Bv  T.  F.  Newson. 

[Abstract.] 

In  1893  Dr.  J.  C.  Hranner  constructed  a  relief  map  of  Arkansas  for  the  Ar- 
kansas exhibit  at  the  World's  Fair.  The  horizontal  scale  used  was  three  miles  to 
the  inch ;  the  vertical  scale  was  2,000  feet  to  the  inch. 

Topographic  maps  of  the  entire  State  were  first  made.  These  were  cut  into 
sections,  and  placed  on  small  blocks  cut  to  fit  them.  Fins  were  driven  through 
the  sections  at  prominent  points,  and  were  then  cut  to  the  proper  vertical  scale. 
These  pins  were  the  guiding  points  in  molding  the  map,  which  was  done  in  or- 
dinary molders*clay.  After  being  molded  the  separate  blocks  were  fitted  together, 
forming  the  complete  model  of  clay,  from  which  a  j)laster  of  Paris  negative  was 
cast.     From  the  negative  the  positive  or  final  cast  of  the  map  was  made. 
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Some  Skew  Surfaces  of  the  3d  and  4th  Degree.     C.  A.  Waldo. 

lAbstract.J 

The  theory  of  skew  ruled  surfaces  has  been  specially  studied  by  Cremona, 
Cayley,  Kohn  and  others.  Kohn  of  Dresden  has  contributed  several  important 
series  of  models  of  general  and  fundamental  character. 

The  object  of  this  paper  is  to  discuss  somewhat  in  detail  by  Cartesian 
coordinates  a  family  of  surfaces  formed  by  a  straight  line  generatrix  moving 
along  two  non-intersecting  straight  lines  and  a  plane  curve  whose  plane  is  parallel 
to  both  right  lines. 

Let   the    plane    curve    be   f  (  m,  n )  =  Am*^  -{-  Bm*^-^  -f-  Cm*^-  -f L  =  0. 

Let  the  orthogonal  projections  of  the  straight  lines  on  the  plane  of  this  curve  be 
axes  of  X  and  Y,  and  their  common  perpendicular  the  axis  of  Z.  Let  the 
distance  from  the  plane  of  the  curve  to  one  right  line  directrix  be  pb,  to 
the  other  qb,  the  directrix  parallel  to  the  Y  axis  being  the  more  remote.  In  this 
position,  by  similar  triangles,  it  is  easily  shown  that  m  :  x  ::pb :  pb— z,  and 
n:y::qb:z — qb.  Substituting  these  values  in  f(m,  n)  =  0  we  have  at  once  a 
general  expression  for  the  Cartesian  equation  of  an  unlimited  number  of  skew 
surfaces  of  this  description,  viz. : 

(pb-zj  (pb  — zj        (z  — qbj 

As  shown  by  Salmon  in  another  way  the  degree  of  this  surface  is  at  once  seen 
to  be  twice  that  of  the  directing  curve  or  twice  the  product  of  the  degrees  of  the 
directing  lines  of  the  surface. 

Plane  sections  of  this  surface  are  in  general  of  the  2Kth  degree,  but  when 
made  by  the  plane  Z=constant,  they  degenerate  to  the  Kth  degree. 

If  the  directing  curve  be  of  the  2d  degree  the  resulting  surface  will  be  of 
the  4th  degree  unless  degraded  by  some  special  position.  If  we  take  the  circle  as 
our  curvilinear  directrix  and  place  it  half  way  between  the  two  rectilinear 
directrices  the  resulting  equation  will  be  of  the  form 


b^ 

(b- 

'  x^ 

-z)» 

b^y^ 

(b-f-z)2 

a^     (1). 

If  the 

circle 

'  be 

replaced  by  the 

equilateral  h\ 

•perbola  we  have 

b^x^ 

(b-z)» 

b^v* 
(b  +  z)» 

(2). 

If  the 

directing 

; curve 

be  the  pa 

rabola,  x  n^  = 

=4pm,  the 

surface 

is 

a 

surface  of  the 

3d. 

ilegree. 

by 

(b-h2 

2           px 

■?  -  b     z  ^'^ 

> 

58 

In  (1)  if  b=a=l,  we  have  x»(l-f-z)2+y*(l— z)*=(l+z)2(l-z)«,  a  surface 
whose  sections  by  planes  perpendicalar  to  the  z  axis  give  us  between  z^K)  and 
z=l  ellipses  of  all  possible  eccentricities.  A  similar  remark  may  be  made  of 
equation  (2). 

Among  the  deformations  of  which  surface  (1)  is  susceptible,  one  is  worthy  of 
special  attention.  If  the  threads  representing  the  elements  be  weighted  below 
the  lower  straight  line  directrix,  and  the  upper  directrix  be  then  revolved  until 
it  comes  into  the  plane  of  the  lower  directrix  and  the  common  perpendicular,  the 
surface  will  gradually  close  up  until  it  becomes  a  plane,  but  in  every  position  the 
form  of  the  Cartesian  equation  remains  the  same,  while  the  axes  of  reference  will 
be  the  equi-coiyugate  diameters  of  the  ellipse  cut  out  by  the  x  y  plane. 


The  GRAvrxATioNAL  Attraction  of  a  Homogeneois  Ellipsoid  of 

Revolution. 

[Abstbact.j 

In  this  paper  the  following  problem  was  discussed :  Given  an  ellipsoid  of 
revolution  of  given  mass,  but  j)f  variable  eccentricity;  find  how  its  attraction  on 
a  particle  at  the  end  of  the  axis  of  revolution  varies  as  the  ellipsoid  alters  con- 
tinuously from  the  infinitely  prolate  to  the  infinitely  oblate  form. 

It  was  pointed  out  that  this  was  the  only  case  in  which  the  expression  for  the 
attraction  of  a  spheroid  did  not  lead  to  elliptic  integrals.  An  expression  for  the 
attraction  in  the  above  case  was  found  by  direct  integration  without  recourse  to 
the  potential  function.  The  integral  took  two  forms  according  as  the  ellipsoid 
was  prolate  or  oblate.  The  ordinary  process  of  finding  the  value  of  the  eccen- 
tricity corresponding  to  a  maximum  led  to  nn  insoluble  equation.  Hence  the 
position  of  the  maximum  was  approximated  to  by  trial  and  interpolation.  The 
conclusion  was.  that  starting  with  the  infinitely  prolate  form  and  passing  through 
the  spherical  stage  to  the  infinitely  oblate  form  the  attraction  increased  continu- 
ously, until  that  oblate  stage  was  reached  at  which  the  axis  of  revolution  was 
seventy-two  hundredths  of  the  e(]uatorial  axis,  then  it  decreased  until  when  the 
axis  of  revolution  was  fifty-one  hundreths  of  the  equatorial  diameter,  the  attrac- 
tion had  fallen  again  to  that  at  the  spherical  stage,  from  whence  on  it  decreased  to 
zero. 

It  was  pointed  out  that  this  invalidates  the  common  argument  that  the 
weight  of  a  body  at  one  of  the  earth's  poles  must  be  increased  by  the  polar  flat- 
tening. 
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Note  Relative  to  Peibce's  "  Linear  Associative  Algebra."   James  Byrnie 
Shaw,  D.  Sc. 

I  have  no  doubt  many  readers  of  Benjamin  Peircc's  classic  work  have  found 
somj  difficulty  in  its  perusal  from  the  lack  of  examples  of  the  algebras  de- 
veloped. That  such  a  completion  of  the  work  was  intended  is  shown  by  t  2,  p.  4, 
and  the  last  three  lines  of  page  119.  The  following  method  of  exemplifying  the 
subject  may  be  of  use  or  help.  It  is  in  a  succinct  form  thus:  Every  unit  in  au 
i*lgebra  of  this  book  is  an  operator  of  a  matrical  kind  upon  a  ground  of  what  we 
may  call  vectors.  The  whole  work  is  thus  a  treatise  on  groups  of  such  operators. 
This  explains  its  abstruseness.  Now  for  all  cases  in  which  the  ground  consists  of 
two  or  three  or  four  vectors,  the  units  can  be  represented  by  the  linear  vector 
operators  of  quaternions,  or  linear  quaternion  operators.  The  relative  forms  given 
by  Mr.  C.  S.  Peirce  may  be  immediately  translated  into  such  quaternion  lorms. 
Thus  we  may  write,  (a,  fi,  >,  being  vectors  such  that  S.  a  ^  y  =  1,  and  l^  l^t  l^y  I4, 
being  quaternions  such  that  S.  /j  A./,  1^1^  =  1  ♦). 
Algebra  a^,     i  =  aS. /Jy(). 

b,,     i  =  aS.ya{). 

a^,     t  =  aS.'/^H)  -f /?S.>'a();    j  =  aS.ra{). 

b„     i  =  aS./?y();    J  =  aS.ya{). 

C2,     i  =  aS.ya()+/JS.a/?();    j  =  aS./?y(). 

d„     i  -  /|S.()  A./,/,^;    i  =  /sS.()A.^/,/,. 

a,,     i  =  aS./?>()  +  /?S.ya()H-yS.a/?();J  =  aS.ya()H-^S.a/?(); 

a'„  i  =  aS./?x()+/3S.ya();    j  =  aS.ya{);     k  =  aS.aP{). 
a''8,i  =  -^8.0  A./3Vi-/,S.()A./,/2/3;    j  =  -li  S.  ()  A./3 

bj,    t  =  — 'i,S.  OA./j/^/i+ZaS.  ()A./4/i/2  — /3S.  OA./,  /,  ^; 

j  =  I,  S.(  )  A.  1,1  J^  -  /2  S.(  )A.  /1/2/3 ;  it  =  -  /,  8.( ) A./,/,/,. 
b^,  i  =:  -  /,  S.  (  )  A.  /3/,/,  -f  /,  S.  (  )  A.  lj,l^  ;    ;=  /,  a  (  )  A.  1,1  J^ ; 

k=  —  h^l,  S.  (  )A. /,V3  +  /iS.  (  )A.IJ,L. 
Cs,     »=  -/iS.  (  )AJ,l,l,-\-l^^.()\.l,l,l^',  .;  =  /,  S.(  )A.lJ,l2; 

k  =  —al^S.{)  A.  1,1  Ji  —  I,  S.(  ) A.  /,^/3  4-  /*  S.  (  )  A.  iJJ,. 
d.,,     i=iiH.a3();    j^-a^.a^{)',     /:=aS. )«(). 
e,,     t  =  — /,  S.(  )A.1JJ,;j-  —  t,K{  )A./  /,/,  -f /aS.OA./i/j/a; 

A=:/,S.  (  )  A.iJil^  —  l^  S.  (  )  A./j/j/a. 
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*;  A.  l^l^l,  -  S.  V/,\7,Vf .  -  V/,.V.V/,\  ^-V/j. V.Vl. V/,-Vf,  V.V/,V^. 
S. /,  A.Z,/,/,  -  -S.  ^3  A.  IJJr  -S.  t^  A. /,/,^  =.-.</,  A.  ^V,. 


<>0 

Algebra  g„  t  =aS./?y();    i  =  aS.ya();    it=r^S. /?y  (  ) ;     i  =  ^S.ya(). 

ifc  =  —  /,  S.  1  ) A.  l^lj,  —  /a  S.(  )A.  /,/ 7,  ;  /=/,  S.(  ) A.  /4^/2  ; 
m  =  — /i  S.  (  )  A.  lil^lj- 
b  ke,  1  =  /:  S.  (  )  A.  lj,l,  -  /,  S.  ( )  A.  IJJ^  -\-l,S.{)A.  1^1,1,  ]j  =  - 
l,S.  {)A.l,lJi  4-/2S.(  )  A. /,/,/,;  ^-/,  S.  ()A.V,/,; 
/  =  — /^S.O  A./i^a'a;  m  =  —l^S.{  )A. /j/g/^ ;  n  =  — /^S. 
(  )  A.  t^'2^3* 
bme,t  =  aS./3>();J:=.a8.ra(  )  ;  it=::  a  S.  a^  (); /=:r/9S.  ^y  (  )  :m  = 

These  examples  can  be  used  to  illustrate  the  general  theorems.     For  example: 
'*  Ewry  group  of  linear  vector  operators  contains  at  least  one  idempottnt  or  one 
nilpotent  expresssion.^* 

The  group  b  m^  contains  the  idempotenta 

aS./3>(),     /iS.  }a(),     a  S.  5  y  (  )  + /?  S.  y  a  (  ). 
The  group  b  pj  contains  only  nilpotents. 

"  When  an  algebra  contains  an  idempotent  expression  it  may  be  assumed  as  the 
ba^is  and  the  remaining  expressions  are  then  divinhle  inta  four  dasses^ 

In  b  mg  if  we  assume  a  S.  /?  >  (  )  as  the  idempotent  then  the  units  are,  with 
reference  to  the  basis, 

idemfaciend,     idemfacieut,     a  S.  /?  y  (  )  ; 
nilfaciend,     idemfacient,         P  ^'  P  7  (  )  \ 
idemfaciend,     nilfacient,         a  S.  y  a  (  ),  and  a  S.  a  /?  (  ) ; 
nilfaciend,     nilfacient,  /?  S.  y  a  (  ),  and  ft  ^.  a  p  {  ). 

"  The  fourth  claw  are  aubjed  to  independent  inn'stigalion.^^ 

**Tfthe/irM  c/osx  comprisfs  any  units  except  the  basis,  there  is,  besidis  the  basis,  another 
idempotent  expression  or  a  nilpotent  expression,  and  fce  may  free  the  class  from  this,  when 
idempotent,  by  writing  for  the  basis  the  difference  between  the  two  ;  in  this  case  expressions 
may  pass  from  idemfaciend  to  nilfaciend  or  from  idemfacient  to  nilfacient,  but  not  the 
reversed  Thus,  if  we  had  taken  for  our  basis  in  b  m^  a  S.  /?  y  (  )  -f-  /^  ^.  7  "  (  )  there 
would  have  been  only  two  classes, 

1  :     a  S.  /?  y  (  )  +  /3  S.  y  a  (  )  ;     /?  S.  y  a  (  )  ;     a  S.  y  a  (  ) ;     ^3  S.  /?  }  (  )  ; 

2  :     a^.api)'^     /3  S.  n  /?  (  ). 

The  second  idempotent  basis  is  easily  seen  to  be  ft  ^.  y  a()^  and  the  difltTence 
is  a  S.  3  y  (  ),  as  before.  And  making  this  change  of  basis,  (i^.y  a  (  )  and  3  S.  a  /3  (  ) 
become  fourth  class,  /?  S.  /'?  y  (  )  becomes  second  class,  a  S.  y  o  ( )  becomes  third  cla^s. 

"  When  there  is  no  idempotent  basis,  all  expressions  are  nilpotent,  and  all  powers  of 
taeh  expression  that  do  not  vanish  are  independent.     We  may  take  any  expression  as  the 
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hiisiit,  hut  it  M  ivell  to  xelect  one  nku'h  hns  the  most  powertt  that  do  not  ranUh."     Tlii:s  in 
l>p ,  w?  take  i.,  S.  {  )  A.  /  /  I.       /j  S.  (  )  A.  I  IJ^^  whose  square  is— /^  S.(  )A.  lil.J..y 
tlu' cube  vanishing.     This  algebra  is  then  <►!'  tecoud  order.     If    A^  11  are  any    two 
-expressions  of  ii» 

A'  B  f  A  K'-\  A  UA  I  HAD  o. 
These  examples  are  sufticient  to  show  the  use  of  these  forms  in  interpreting  the 
sul»ject.  It  remains  only  to  sliow  liow  iliiy  may  be  applied  in  a  few  cases.  There 
arc  of  course  for  QWiiry  one  of  them  two  fields  of  application  at  once  suggested  by 
this  method  of  writing  them,  viz.  :  linear  transformations  and  homogeneous  strains. 
K.  g.,  the  nilpotent  algebra  d^.     The  general  expression  of  this  algebra  is 

^  „  X  i^  S.  a  li  (  )  -I-  „  S.  (  1/  V  ;•  a  -f  «  V  a  /?)  (  ). 
This  transforms     /j  :_.  j,  a  -^  y^  j3  -\-  z^  }     into 
0  f)  ^  X  z^  ii  -\-  n  [yyi  -r  2*1) 
^y^i  «  +  ^i  (z«  -f  X  p). 
This  may  represent  any  point  of  the  plane  (a,  p).     Since  the  value  of  x,  does 
not  enter  <P  (>j  every  straight  line  parallel    to  n  is  made  to  correspond  to  a  config- 
uratinn  of  the  («,  >i)  plane.     Those   lines   parallel   to  n  which  cut  the  ( /9,  y)  plane 
in  a  line  parallel  to   ,.^,   correspond  to  a  series  of  configurations  of  the  («,  fl)  plane 
produced  by  slipping  it  along  the  direction  o.     The  movement  of  a  line  which  is 
}):irallel  to  «  along  a  line  parallel   to  the  line  >,  produces  a  series  of  expansions  of 
the*  (a,  /?)  plane  from  a  point  i/»/i«  as  center.     If  both  y,    and  z,   vary,  subject 
to  a  law,  we  have  the  configuration  of  the  («,  P)  plane 

Again,  consider  the  algebra  a 3.     The  general  expression  here,  is 

0  .-.  X  (a  S.  /?  >(  )  -f  /I  S.  >  a  (  )  -I    >'  S.  a  /?  (  )  )  -f    y  (a  S.  >'  a  (  )  -[-  /?S.a^  (  )  ) 

-[-  2  a  S.  a  /M  ), 
=  a  S.  (z  V  p  >  -h  y  V  y  a  -f  2  V  a  P)  (  )  -f  ,'?  S.  (x  V  /  a  -f  y  V  a  /?)   (  ) 

+  )  S.  X  V  a  /^  (  ) 
f)  becomes  6  p  —  n  (xx,  -f-  y.'/i  +  22, )  +  P  iry^  -f  y^i )  "h  ^^x  7- 
This  strain  operator  will  convert  />  into  any  other  vector  (t,  for  if 

we  have  at  once  from 

«i  +  yyi+=2i  =s, 

xzj  =C. 
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Whence 


Z-     C/2i, 


2    ^ 


The  exceptional  cases  are  where  Zi=^0.  Thut  is,  ^  can  be  so  chosen  as  to  con- 
Tert  any  vector  into  any  other  except  those  lying  in  the  plane  of  (o,  /i),  which  is 
converted  into  itself,  the  linexiO  being  converted  into  itself.  The  cubic  of  ^  is 
(^  — y)'  =  0.     We  may  write  <p  p  =  x  p  -^  ( »/»/i  -f-  aj)  a  -f-  yz^  p. 

Hence  the  effect  of  any  ^  is  to  move  the  terminal  point  of  p  along  its  line 
in  either  direction,  and  then  slide  this  extremity  along  a  plane  parallel  to  (  a,  ^i ). 
Thus  the  infinite  number  of  strains,  which  belong  to  this  infinite  group  of  strains, 
and  that  have  the  same  /,  represent  a  group  of  shears.  Space  nor  time  permit  a 
fuller  treatment  of  this  interesting  line  of  application  of  this  algebra.  The  ap- 
plication of  the  other  algebras  might  similarly  be  deduced. 

I  may  say  in  closing  that  the  natural  classification  of  these  algebras  referred 
to  by  Professor  Benjamin  Peirce,  who  regarded  his  own  classification  as  Linnean^ 
is  pointed  to  by  these  representations  of  the  algebras. 

iLUMOis  CoLLXOB,  Dec.  23,  1885. 


Variation  of  a  Standard  Thermometer.     By  Chas.  T.  Knipp. 

During  the  t«rm  just  past  I  made  a  number  of  observations  on  a  standard 
thermometer.  The  problem  that  presented  itself  was  to  observe  the  variations  in 
a  standard  thermometer  under  given  conditions,  and  the  minimum  limit  of  con- 
ditions that  would  produce  the  same. 

Having  a  delicate  cathetometer  at  hand,  that  reads  directly  to  ^^  and 
accurately  to  yj^y  of  a  mm.,  no  hesitancy  was  felt  in  making  the  observations, 
feeling  assured  that  the  slightest  variations  in  the  reading  of  the  thermometer 
could  be  detected. 

The  thermometer  that  was  in  question  was  one  of  Queen  &  Co's  standardized 
thermometers  of  the  centigrade  scale,  graduated  in  tenths  over  a  range  of  100 
degrees.  The  bulb  is  cylindrical  in  form,  thus  having  a  maximum,  or  tending 
towards  a  maximum  surface  and  consequently  increased  sensitiveness. 

The  thermometer  was  tested  and  standardized  by  the  above  named  company 
on  the  10th  of  (^'tober.     After  standardizing  it  was  put  in  a  brass  case  lined  with 
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n  ru)>ber  tube.  The  tube  is  closed  at  the  lower  end  and  is  some  shorter  than  the 
thermometer,  so  that  a  little  pressure  is  required  to  push  it  in  far  enough  to 
allow  the  cap  to  screw  on  firmly.  This  pressure  is  directly  on  lower  end  of  bulb, 
and  is  more  than  a  person  would  at  first  think.  By  repeated  tests  I  found  it 
<'qnivalent  to  240  grams,  or  a  little  over  a  half  pound.  Such  a  pressure  acting 
■continuously  for  some  length  of  time  would  certainly  change  the  shape  of  the 
bulb,  and  consequently  the  zero  mark. 

The  length  of  the  bulb  is  25  mm.  Its  volume  is  approximately  .3  cu.  cm.,  as 
near  as  can  be  ascertained  by  measurement  of  its  dimensions.  The  weight  of  the 
thermometer  is  43  grams. 

On  the  16th  of  November,  after  a  period  of  five  weeks,  the  pressure  was 
released,  the  thermometer  placed  in  an  ice  and  water  bath  and  the  exact  position 
of  the  mercury  column  noted.  Observations  were  made  twice  per  week  from  that 
date,  the  last  one  being  Saturday,  December  21.  Great  care  was  taken  in  making 
these  observations.  The  bulb  was  placed  in  an  ice  and  water  bath,  while  the 
stem  for  five  inches  above  the  zero  mark  was  packed  with  finely  broken  ice.  The 
added  water  was  to  equalize  the  pressure  on  the  bulb.  An  aperture  in  the  side  of 
the  vessel,  through  which  passed  a  tube,  the  outer  end  of  which  guarded  by  a 
plane  glass  window  made  it  possible  to  readily  observe  the  mercury  column,  and 
yet  have  it  completely  surrounded  with  ice.  Each  observation  extended  over  a 
period  of  three  hours.  To  guard  against  jarring,  the  cathetometer  and  vessel 
holding  the  thermometer  were  placed  on  a  stone  pier. 

The  apparatus  was  allowed  to  stand  for  one  hour  before  taking  a  reading, 
after  which  readings  were  taken  every  half  hour.  It  was  observed  that  when 
great  accuracy  was  expected,  all  of  an  hour  is  required  as  the  glass  is  very  slow 
to  take  up  the  temperature  of  the  melting  ice  and  adjust  itself  accordingly, 
while  the  mercury  takes  up  the  temperature  in  a  very  few  minutes.  The  first 
readings,  therefore,  are  always  too  low.  Before  taking  a  reading  the  stem  was 
jarred  to  facilitate  the  adjustment  of  the  mercury.  To  prevent  radiation  the 
vessel  was  covered  with  a  towel.  After  putting  ice  in  the  vessel  it  was  thoroughly 
washed  with  distilled  water.  This  last  precaution  was  at  first  overlooked  and  the 
result  was  that  the  readings  were  far  too  low,  t.  e..  the  melting  mixture  was  made 
colder  by  its  containing  foreign  substances. 

We  would  naturally  expect  that  the  pressure  on  the  lower  end  of  the  bulb 
would  considerably  change  its  size,  and  that  a  pressure  of  over  a  half  pound  could 
not  continue  long  without  considerably  altering  the  size,  volume  and  accuracy  of 
the  thermometer.  In  the  case  under  discussion  the  volume  of  the  l>ulb  would  be 
increased  by  j)ressure  on  lower  end.     Also  since  the  length  of  the  bulb  is  25  mm. 
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and  only  4  mm.  in  diameter  it  would  stand  a  greater  strain  before  yielding  than  it 
would  were  it  any  other  shape. 

Considering  it  as  above,  the  first  reading  would  naturally  be  expected  to  be 
a  mimimun,  for  as  the  volume  of  the  bulb  is  a  maximum  the  mercury  stands  lowest 
in  the  stem,  and  the  readings  on  subsequent  observations  would  increase  until  a 
fairly  stationary  point  is  reached,  indicating  that  the  bulb  has  regained  its  normal 
volume. 

The  first  reading  taken  Saturday,  November  16th,  showed  the  thermometer 
to  be  in  error  0.1479°.  The  second  reading  taken  on  the  following  Wednesday 
was  0.1528°.  The  third,  taken  on  the  following  Saturday,  was  0.1540°,  and 
the  fourth,  taken  on  Wednesday,  November  24th,  was  0.1553°.  These  read- 
ings are  each  the  mean  of  four  and  five  separate  observations.  They  show  a 
gradual  increase  in  the  length  of  the  mercury  column  which  is  in  direct  accordance 
with  what  was  first  expected,  i.  «.,  that  the  pressure  on  the  bottom  of  the  bulb 
would  increase  the  size  of  the  same  and  which  in  conse(|uence  would  lower  the 
mercury  column. 

The  part  that  seems  strange  to  me,  and  that  I  can  assign  no  direct  reason  for, 
is  the  behavior  of  the  seven  subsequent  readings  that  were  taken  extending  over 
a  period  of  three  and  oue-half  weeks.  The  fifth  reading  shows  a  slight  decrease, 
and  so  also  does  the  sixth  reading  show  a  decrease  compared  with  the  fifth,  after 
which  it  oscillated,  as  it  were,  about  a  mean  of  0.1493°.  The  greatest  deviation 
above  this  mean  being  .0086,  and  the  greatest  below  .0026  of  a  degree. 

It  was  found  that  the  position  in  which  the  thermometer  was  kept  had  no 
appreciable  effect  upon  its  readings. 


(iRAPIIICAL   RePRESKNTATION   OF  THE   LaW   OF    FALLING    BODIES. 

By  F.  p.  Staiffer. 

[Akstract.] 

It  was  shown  that  by  subdividing  a  right-angled  triangle  by  lines  parallel  to 
the  hypotenuse  and  the  sides  into  similar  smaller  triangles,  the  following  could 
be  graphically  represented — the  distance  traversed  each  second,  the  velocity  at 
the  en<l  of  each  second,  the  effec^t  of  gravity  each  second. 
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Ratejs  of  CoMBi'STioN  IN  LOCOMOTIVE  FiJBNAci*a.     By  R.  A.  Smart. 


The  following  brief  comparisons  of  the  rates  of  combustion  in  locomotive 
and  stationary  furnaces,  based  upon  data  of  tests  made  at  the  Purdue  University 
Locomotive  Testing  Plant,  will  show  some  of  the  effects  of  the  heavy  duty  which 
the  limitations  of  space  and  the  re<|uiremcnt8  of  portability  impose  upon  loco- 
motive boilers. 

In  stationary  boiler  plants,  the  usual  rate  of  combustion  is  between  the 
limits  of  8  to  20  pounds  of  coal  per  square  foot  of  grate  surface  per  hour.  From 
the  record  of  the  rate  of  combustion  of  over  half  a  hundred  boilers  tested  by  Geo. 
H.  Barrus,  a  well  known  expert,  an  average  of  11.5  pounds  per  foot  of  grate  was 
found,  which  may  be  taken  as  representing  go6<l  practice.  Under  certain  condi- 
tions of  sj)ced  and  cut-off,  it  has  been  found  that  the  Purdue  locomotive, 
"  Schenectady,"  which  is  a  fair  representative  of  its  class,  consumes  2,^70  pounds 
of  coal  per  hour,  while  developing  520  indicated  horse  power.  To  consume  this 
quantity  of  coal  economically  at  the  rate  given  above  would  require  a  grate  area 
of  282  square  feet.  Taking  8  feet  as  the  extreme  allowable  width,  this  would 
give  a  furnace  29  feet  long,  which  is  of  course  much  beyond  the  limits  of  avail- 
able space.  As  the  furnace  of  the  Purdue  locomotive  has,  however,  only  17.5 
S(iuare  feet  of  grate  surface,  instead  of  282,  the  rate  of  combustion  under  the  con- 
diti<nis  mentioned  above  reaches  the  abnormal  figure  of  153  pounds  [»er  sijuare 
foot  i)er  hour. 

It  has  been  stated  by  Isherwood  that  the  evaporative  efliciency  of  horizcmtal 
return  tubular  boilers  of  ordinary  design  decreases  as  the  rate  of  combustion 
increases,  and  if  this  holds  in  stationary  practice  it  may  be  taken,  in  a  measure,  as 
ajq)lying  to  locomotive  practice.  From  this  it  is  apparent  that  where  only  17.5 
square  feet  of  grate  surface  are  provided  to  consume  a  (juantity  of  c<>al  requiring 
over  200  scjuare  feet  for  economical  combustion,  thereby  raising  the  rate  of  com- 
bustion from  11.5  to  153  pounds  per  Kjuare  foot,  the  evaporative  efficiency  will 
necessarily  be  low. 

This  extraordinary  rapidity  of  combustion  is  still  more  striking  when  com- 
pared with  the  conditions  existing  in  an  oj»en  fireplace.  For  instance,  the  rate 
of  combustion  in  an  ordinary  parlor  grate  is  about  4  pounds  pei  hour  to  the 
scjuare  foot.  At  this  rate  it  would  re([uire  a  grate  ecjual  in  area  to  that  of  a  room 
2<)  feet  s<juare  to  consume  the  coal  burned  during  the  tests  mentioned. 

Other  comparisons  may  be  made  as  follows:  Stationary  boilers  are  usually 
allowed  about  12  square  feet  of  heating  surtace  per  horse  power  developed,  while 
the  total  heating  surface  of  "Schenectady."  about  1,200  scjuare  feet,  allows,  under 
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ordinary  conditions^  4  square  feet  to  the  horse  power,  and  under  extreme  con- 
ditions, but  2  square  feet. 

The  draft  in  a  stationary  plant  having  a  chimney  50  feet  high  is  less  than 
0.5  of  an  inch  of  water.  The  locomotive  frequently  runs  under  a  draft  as  heavy 
as  six  inches,  making  it  necessary  for  the  fireman  to  keep  a  very  thick  fire  on  the 
grates. 

With  such  great  differences  existing  between  the  conditions  apparently  re- 
quired by  economy  and  those  actually  found  in  locomotive  practice,  it  would  be 
expected  that  the  evaporative  efficiency  of  the  latter  would  be  small -by  compari- 
son. It  is  interesting  to  note,  however,  that  in  spite  of  the  disadvantages  under 
which  the  locomotive  labors,  its  evaporation  is  seldom  less  than  50^  of  the  best 
evaporation  given  by  stationary  plants. 


The  Inflitence  of  Heat,  the  Electric  Current  and  Maonetism  Upon 

YouNCi's  Modulus.    Mary  Chilton  Noyes. 

A  series  of  experiments  were  carried  out  in  the  physical  laboratory  of  West- 
ern Reserve  University  to  determine  the  effects  of  heat,  of  an  electric  current  and 
of  magnetism  upon  the  elasticity  of  piano  wire,  and  of  copper  and  silver  wire. 
The  wires  were  heated  by  means  of  an  electric  current  from  a  storage  battery, 
the  current  sometimes  going  through  a  magnetizing  helix  surrounding  the  wires, 
sometimes  through  a  non-inductive  coil,  and  sometimes  through  the  wires  them- 
selves. The  methods  of  heating  were  used  in  difl'erent  order  with  different  pieces 
of  wire,  in  order  to  detect,  if  possible,  any  temporary  or  permanent  effect  which 
was  not  due  to  the  heat,  but  no  such  effect  could  be  found. 

The  thermal  co-efficient  of  elasticity  for  the  piano  wire  was  found  to  be  4.6% 
for  100°.  For  the  silver  wire  it  was  about  8%  and  for  the  two  specimens  of  cop- 
per wire  tested  13'/r  and  "9^.  The  permanent  change  in  elasticity  produced  by 
repeatedly  heating  the  wires  was  from  one  to  two  per  cent. 

With  the  silver  and  copper  wires  the  efi'ect  of  heat  upon  the  elastic  limit  was 
determined.  The  limit  was  found  to  decrease  quite  rapidly  and  regularly  as  the 
temperature  was  raised.  The  two  specimens  of  copper  wire  tested  were  found  to 
give  quite  different  results  for  the  thermal  co-efficient  of  elasticity,  the  co-efficient 
of  exi)an8ion  and  the  co-efficient  of  decrease  in  the  elastic  limit  with  rise  of 
temperature. 
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The  Sukface  Tension  of  Liquids.     By  Arthur  L.  Foley. 

Although  many  methods  of  measuring  the  surface  tension  of  liquids  have 
been  proposed  and  used,  its  absolute  value  is  not  known  in  a  single  instance. 
Various  experimenters  by  various  methods  have  obtaintnl  various  results ;  these 
results  differing  from  one  another  in  many  cases  by  as  much  as  fifty  per  cent. 
For  instance,  Quincke,  for  the  surface  tension  of  water  at  0°C,  has  obtained  the 
following  results  by  the  methods  named : 

1.  By  measuring  the  rise  of  water  at  a  vertical  wall  he  obtained  8.7  mgm. 
per  mm. 

2.  By  measuring  the  axis  of  a  bubble  of  air  in  the  interior  of  a  liquid,  8.2 
mgm. 

3.  By  the  rise  of  water  in  capillary  tubes,  7.6  mgm. 

4.  By  measuring  the  size  of  falling  drops,  6.5  mgm. 

These  results  show  an  average  variation  of  about  ten  per  cent.,  and  a  differ- 
ence between  the  first  and  last  of  thirty-four  per  cent.  Many  other  methods  have 
been  used,  but  the  results  obtained  are  not  more  consistent  than  those  given  above. 
The  method  generally  used,  and  that  which  probably  gives  as  consistent  results 
as  any  yet  proposed,  is  the  method  of  capillary  tubes.  But  even  if  we  restrict 
ourselves  to  this  one  method,  and  to  the  results  obtained  by  a  single  experimenter, 
we  find  that  they  differ  considerably.  Let  us  again  note  the  results  obtained  by 
Quincke — than  whom  there  is  no  better  authority  upon  this  subject.  In  Wiede- 
man's  Annalen,  April,  1894,  Quincke  gives  values  ranging  from  7.69  to  8.16  mgm. 
per  mm.  for  different  sizes  of  tubes  made  from  the  same  specimen  of  Jena  glass; 
and  values  from  7.8  to  8.1  for  English  flint  glass.  In  the  October  number  of  the 
Annalen,  1894,  Volkmann  gives  as  widely  different  results  for  various  specimens 
of  glass.  The  age  of  the  tube  is  found  to  influence  the  height  to  which  the  water 
rises  in  it.  So  it  would  seem  that  a  better  method  of  measuring  the  surface  ten-- 
sion  of  liquids  is  greatly  to  be  desired. 

In  the  *' Philosophical  Magazine"  of  November,  1893,  Mr.  T.  Proctor  Hall 
describes  some  **New  Methods  of  Measuring  the  Surface  Tension  of  Liquids." 
Two  years  ago  at  the  suggestion  of  Professor  Michelson  of  the  Chicago  University, 
I  undertook  to  repeat  and  to  extend  the  investigation.  In  the  present  article,  I 
shall  confine  myself  to  a  brief  statement  of  the  results  obtained  by  using  Mr. 
Hall's  method  r,  the  maximum-weight  method.^ 

*  Philof  ophical  Magr  zine,  November,  1893,  p.  402. 
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Ia'I  n  (Fig.  1)  be  an  end  face  of  a  rectangular  pnrallelopiped  suspended  from 
one  arm  of  a  balance,  with  its  lower  face  horizontal,  and  therefore  parallel  to  the 
liquid  surface  OX.  Call  //the  weight  of  the  frame  (block)  in  this  position. 
Lower  the  frame  until  it  touches  the  liquid,  and  bring  it  again  to  the  first  position, 
as  in  b.  The  weight  of  the  frame  is  now  increased  bv  the  weight  of  the  liquid 
raised  above  the  level  siurface.  As  the  frame  is  raised,  the  weight  increases  for  a 
time  then  suddenly  decreases,  passing  through  a  distinct  maximum.  Call  v^^  the 
total  maximum  weight.     The  net  maximum  weight  is 
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?'-''  —  2  Z' sin  a  -j   /)///, 
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where  7*=^  the  surface  tension  in  grams  i>er  centimeter; 

a   —the  angle  between  the  A'-axis  and  the  tangent  to  the  licjuid  surface  at 

the  edge  of  the  frame ; 
/  --  the  thickness  of  the  frame; 
ft  =  the  density  of  the  liquid  ; 

V  ■■=  the  height  of  the  frame  above  the  liijuid  surface ; 
/  —  the  length  of  the  frame,  one  centimeter. 

Also, 
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(5) 


Let  us  now  suppose  that  the  frame  has  vertical  legs  (as  in  Fig.  2)  extending 
downward  into  the  liquid.     I>et  /  be  the  length  between  the  legs. 


jr^z 


K({uation  (1)  becomes 


w       2T{l  —  t)  sin  a  -\-  ntly, 
—  2  pc^{l  —  t)  sin  a  -j-  2  ttftc  sin -47 
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When  u;  is  a  maximum,  ~,  -  =0.     Let  t  be  very  small  compared  with  /,  then 
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2  c  cos  (I  -\-  t  cos  "i^  —  o. 


Eliminating  (i  by  (4)  and  (5),  and  inserting  tbe  value  of  c, 
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When  /  is  small,  a  near  approximation  is 
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Supplying  this  value  of  y  in  (6),  and  solving  for  T, 
w  pl't-  It 
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Table  II  gives  the  value  of  Tcalculated  by  the  above  f<trmula  lor  inicn  frames 
varying  in  thickness  from  0.0013  cm.  to  0.02067  cm. 
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Mr.  Hall  in  his  inveitigation  used  glass  frames  (made  of  cylindrical  glass  rods) 
of  the  shape  indicated  in  Fig.  3.     He  deduced  for  them  equations  correspond- 


>^3 


ing  to  (6),  (7)  and  (8).  He  admits,  however,  that  these  equations  are  so  compli- 
cated as  to  be  almost  unmanageable,  and  that  the  correction  is  obtained  more 
easily  by  determining  the  constants  of  a  frame  by  using  frames  of  different  length 
and  of  the  same  diameter,  and  again  of  the  same  length  but  of  different  diame- 
ters. It  is  very  difficult  indeed  to  make  such  frames,  and  to  use  them  after  they 
are  made. 

The  chief  objections  to  glass  frames  may  be  summed  up  as  follows : 

The  value  of  y,  and  hence  the  correction  that  must  be  applied  to  the 
maximum  weight  in  order  to  obtain  the  true  film  weight  which  measures 
the  tension,  depends  in  a  very  complicated  way  upon  the  diameters  of  the 
rods  of  the  frame. 

This  correction  forms  a  considerable  part  of  the  total  maximum  weight 
(see  Table  I.).  Frames  can  not  be  made  sufficiently  rigid  and  less  than 
0.03  cm.  in  diameter.  Hence  the  correction  is  at  least  ten  per  cent,  of  the 
whole. 

The  frames  are  difficult  to  make  and  they  require  delicate  handling  at 
every  stage. 

With  cylindrical  end  rods  the  actual  length  of  the  film  surface  is  uncer- 
tain. 
It  occurred  to  me  that  these  troublesome  corrections  and  inaccuracies  might 
be  partially  avoided  by  using  a  different  kind  of  frame.  After  experimenting 
with  frames  of  various  materials,  among  which  I  may  mention  thin  sheet  glass, 
platinum,  aluminum  and  mica,  I  found  that  the  latter  offered  decided  advantages 
over  glass.  The  general  shape  of  the  mica  frame  is  given  in  Fig.  4.  The  frame 
is  supported  by  a  forked  glass  stem,  and  the  method  of  using  is  exactly  as  with  a 
glass  frame. 
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My  first  frames  were  made  by  cutting  the  mica  sheet  as  it  lay  under  a  steel 
rule  upon  a  piece  of  plate  glass.  I  afterwards  had  made  two  heavy  steel  plates  of 
the  exact  shape  of  the  frame  desired.  The  inner  surface  of  each  plate  was  ground 
plane  with  emery  dust  upon  plate  glass.  A  sheet  of  mica  was  clamped  between 
them  and  cut  to  their  dimensions.  The  advantages  of  frames  made  in  this  way 
are: 

The  steel  plates  are  accurately  ground ;  the  frames  are  correspondingly 
regular. 
The  mica  does  not  split  along  the  cut  edge. 

The  edge  is  of  the  same  thickness  as  the  plate  itself ;  there  is  no  bur. 
Very  thin  frames  are  easily  made,  but  it  is  difficult  to  work  with  them 
when  they  are  much  less  than  0.002  cm.  thick. 
A  difficulty  experienced  with  the  mica  frame,  as  also  with  those  of  platinum 
and  aluminum,  is  that  the  fluid  does  not  readily  and  equally  wet  all  portions  of 
the  surface.     It  has  a  tendency  to  collect  in  drops,  rendering  the  after-weighing 
uncertain.     ThLs  difficulty  was  entirely  overcome  by  roughing  the  surface  (dark- 
ened in  Fig.  4)  of  the  plate  near  the  edge  by  rubbing  very  lightly  with  the  finest 
French  emery  paper.     Both  weights  could  then  be  taken  again  and  again  with  a 
variation  of  only  a  few  hundredths  of. a  milligram. 

The  advantages  claimed  for  the  mica  frame  are  as  follows : 

1.  They  are  easily  made,  and  do  not  require  careful  handling. 

2.  They  are  of  even  thickness,  with  straight  edges  and  square  corners.  Hence 
the  film  length  is  not  so  uncertain  as  with  glass  frames. 

3.  They  can  be  made  less  than  one-tenth  of  the  thickness  of  a  glass  frame, 
reducing  the  correction  correspondingly.  Table  I  gives  the  relative  corrections 
for  glass  and  mica  frames,  obtained  by  determining  the  maximum  weight  for  a 
soap  solution,  and  then  weighing  the  film  itself.  The  film  weight  divided  by 
twice  the  length  of  the  frame  gives  the  surface-tension.  But  with  many  liquids  it 
is  impossible  to  obtain  the  film  weight,  as  the  film  breaks  immediately  after  it  is 
formed.  The  maximum  weight  can  be  determined  in  almost  every  case,  and  the 
film  weight  by  correction.  It  is  evident  that  a  slight  error  in  the  value  of  this 
correction  will  be  lessened  by  reducing  the  total  correction,  as  is  done  by  using 
the  mica  frame. 
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TAKLE  I. 


Kiml  of 
Frame. 

/ 

/ 

« 

Film 
Weight. 

Per  cent. 
Diflference. 

Glass 

Glass 

Glass 

Glass 

Mica   

Mica   

Mica   

0.346 
7.584 
10.163 
7.475 
6.012 
5.301 
5.140 

0.0405 
0.0510 
0.0620 
0.0920 
0.0030 
0.0051 
0.0079 

0.39220 
0.48283 
0.65420 
0.52480 
0.31202 
0.27770 
0.27222 

0.34100 
0.40302 
0.53700 
0.39000 
0.30697 
0.27092 
0.2()200 

15 

19 

21 

32 
1.0 
2.5 
3.7 

A  fresii  solution  was  used  in  the  last  three  measurements. 

4.  The  correction  varies  directly  as  the  thickness  of  the  frame,  Fip:.  5.  Oh- 
servations  with  two  frames  of  varying  thickness  are  sufficient  to  determine  the 
actual  film  weight  and  hence  the  tension. 
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5.  In  the  case  of  thin  frames  the  tension  can  be  determined  at  once  from  the 
maximum  weight  uncorrected,  with  results  that  vary  less  than  do  those  obtained 
by  the  method  of  capillary  tubes.  For  example,  compare  Table  II  with  Table 
III,  the  latter  giving  selected  results  obtained  by  Quincke  by  the  capillary  tube 
method.  * 

TABLE  II. 


2'  by  formula. 

t 

f/" 

r  by  equation  (8) 

Temperature 
of  Water. 

• 

0.00130  cm. 

0.98260    g. 

0.07396 

0.07365 

20°.  7  C. 

0.C0190 

0.98420 

0.07408 

0.07374 

20°.  7 

0.00352 

0.98791 

0.07437 

0.07372 

20°.  7 

0.00516 

0.99094 

0.07458 

0.07365 

20°.  7 

0.00928 

0.99991 

0.07527 

0.07352 

20°.  8 

0.01206 

1.00592 

0.07572 

0.07355 

20°.  8 

0.01536 

1.01358 

0.07630 

0.07345 

20°.  9 

0.01828 

1.01973 

0.07676 

0.07339 

21°.0 

0.02067 

1.02468 

0.07713 

0.07332 

21°.0 

TABLE  III. 


(TEMPERATURE  IS  .) 


Kind  of  glass. 

Diameter  of 
tube. 

Age  of  tube. 

T 

<.^>mmon  Jena  trlass 

0.5832 
0.5851 
0.6390 
0.5740 
0.6440 
0.9106 

Ohr. 
24  hrs. 

2  mos. 

Ohr. 

Ohr. 
12  hrs.. 

0.07528 

Common  Jena  glass 

0.07336 

English  Hint  glass 

Englisli  Hint  glass 

Fusible  (soft)  .lena  ghiss 

Fusible  (soft)  Jena  glass 

0.07490 
0.07411 
0.07258 
0.07480 

6.     As  ij  and  (  are  small,   a  small  error  in  the  assumed  value  of  f)  will  not 
appreciably  afl'ect  the  calculated  value  of  T,  Eq.  (()). 

y  being  small,  the  film  is  much  narrower  than  with  a  glass  frame.     There- 
fore there  is  less  teiiii>erature  change  due  to  evaporation  from  the  lilni  surface 
and  less  al^sorption  of  gases  and  imj)urities  from  the  air. 


*  Wcidoinnnn's  Annalen,  No.  •'>,  1S94,  p.  1-1. 
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7.  The  equations  for  w  and  y  are  not  so  complex  that  they  can  not  be  used. 
In  Table  II  are  given  the  values  of  7' deduced  by  formula  (8).  It  will  be  noted 
that  ihe  last  frame  is  about  sixteen  times  as  thick  as  the  first,  yet  the  greatest 
difference  in  these  values  is  but  a  little  more  than  one  part  in  two  hundred.  Of 
the  results  for  the  first  four  frames,  the  greatest  difierence  is  one  part  in  seven 
thousand.  The  thicker  frames  can  not  be  expected  to  give  such  consistent  results, 
as  the  water  tends  to  creep  in  between  the  thin  layers  of  which  the  mica  sheet  is 
made  up. 

The  Temperature  Coefficient. 

Previous  determinations  of  the  temperature  coefficient  of  surface  tension 
give  results  not  more  consistent  than  the  values  obtained  for  the  tension  itself. 
Brunner  gives  the  coefficient  as  .14  dynes  per  degree,  and  Merian  as  .253  dynes. 
The  latter  result  is  almost  double  the  former.  Other  observers  give  intermediate 
values.  In  view  of  these  differences,  I  concluded  to  make  a  determination  of  the 
temperature  coefficient  by  the  mica  frame  maximum  weight  method.  This 
investigation  is  not  yet  completed,  so  I  shall  not  go  into  detail. 

I  am  using  aTroemner  balance.  No.  5,  easily  sensitive  to  one  one-hundredth 
milligram.  The  arrangement  of  the  balance  and  box  or  closet  is  very  much  the 
same  as  in  Hall's  experiment.  Inside  the  wooden  box  I  have  a  double-walled  tin 
box,  open  on  the  side  next  the  glass  door.  The  space  between  the  walls  of  the 
tin  vessel  (the  walls  being  about  two  inches  apart)  may  be  filled  with  a  bath  to 
regulate  the  temperature  of  the  enclosure.  This  temperature  is  obtained  by  read- 
ing three  thermometers,  placed  in  different  positions.  A  rotary  fan  is  used  to 
equalize  the  temperature  throughout  the  enclosure.  It  is  arranged  so  that  the 
water  whose  coefficient  is  to  be  determined  is  siphoned  in  and  out  of  the  vessel 
inside,  without  opening  the  door  or  disturbing  the  balance. 

I  have  tried  four  methods  of  regulating  the  temperature  of  the  enclosure.  A 
current  of  air  from  a  blower  giving  a  very  constant  pressure  was  passed  through 
an  iron  pipe  heated  by  from  one  to  a  dozen  Bunsen  burners,  and  then  through 
the  tin  box.  By  varying  the  air  supply  and  the  number  of  burners,  a  fairly  con- 
stant temperature  could  be  maintained.  But  I  was  not  able  to  raise  it  above  50^ 
I  next  tried  a  water  bath,  the  water  being  heated  in  a  tube  outside,  but  con- 
nected with  the  box — somewhat  upon  the  principle  of  an  incubator.  I  could 
easily  maintain  any  desired  temperature  between  0°  and  70°.  But  for  higher 
temperatures  I  found  that  the  convective  circulation  of  the  water  was  too  slow  to 
prevent  the  water  in  the  tube  from  boiling.  I  substituted  oil  for  water,  but  I  was 
not  able  to  extend  my  observations  above  80°. 
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Bv  far  the  most  satisfactorv  method  is  to  fill  in  between  the  walls  of  the  tin 
box  with  mineral  wool,  and  to  use  wire  coils  and  an  electric  current  to  heat  the 
enclosure. 

In  the  earlier  part  of  my  work  I  used  distilled  water  from  the  Chemical 
Laboratory.  Subsequent  tests  showed  that  it  contained  considerable  organic 
matter.  I  am  now  using  water  which  has  been  distilled  three  times  in  glass;  once 
with  permanganate  of  potassium  to  remove  organic  matter.  My  observations 
range  from  0°  to  80°,  and  cover  a  period  of  four  months. 

Briefly,  my  conclusions  are  as  follows: 

Between  0°  and  80°  the  temperature  coefficient  curve  is  concave  toward  the 
z  axis,  when  we  use  tensions  as  ordinates  and  temperatures  as  abscissas.  This 
coefficient  increases  with  the  temperature,  its  value  being  about  .17  dynes. 

The  formula  usually  used  to  represent  the  tension  (T)  at  any  tempera- 
ture ^t°j  is 

Ti°^To— .14t°. 
I  find   that   the  tension  can  not  be  expressed   as  a  linear  equation,  and   that 
.14  dynes  is  too  low  for  the  average  temperature  coefficient. 

Much  of  my  work  so  far  has  been  toward  perfecting  the  method  and  my 
apparatus.  I  am  now  making  some  observations,  using  exceedingly  thin 
mica  frames,  and  standardized  thermometers  reading  to  one  one-hundredth  of  a 
degree.  For  temperatures  below  0°  I  shall  use  the  method  described  by  Messrs. 
Humphreys  and  Mohler  in  the  "  Physical  Review,"  March- April,  1895.  I  shall 
endeavor  to  extend  my  observations  above  100°  by  using  the  capillary  tube 
method,  the  water  and  tubes  being  enclosed  in  an  air-tight  plate  glass  box  and 
under  whatever  pressure  is  necessary  to  maintain  the  desired  temperature  without 
boiling  the  water. 

Physical  Laboratory,  Indiana  University,  December,  1895. 


Strains  in  Steam  Machinery.     By  W.  F.  M.  Goss. 

Masses  of  metal  when  of  considerable  strength  and  weight  would  appear  to 
be  proof  against  distortion  under  the  influence  of  any  force  which  may  be  brought 
to  bear  upon  them.  We  think  of  the  strength  of  metals,  but  it  is  not  often  that 
we  consider  their  elastic  property,  yet,  physically  speaking,  nothing,  probably,  is 
more  elastic  than  steel.  A  piano  wire,  if  tightly  strung,  increases  its  length,  and 
if  loosened  again  it  contracts.  Within  certain  limits  it  behaves  precisely  like  a 
spring.     When  force  is  applied  it  stretches,  and  when  the  force  is  withdrawn  it 
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recovers  itself  again.  If  the  force  is  considerable,  change  in  the  length  of  the 
wire  may  be  easily  observed ;  with  a  less  force  it  will  not  be  so  apparent  but  still 
measurable,  and,  finally  logic  requires  us  to  believe  that  if  the  force  applied  and 
withdrawn  is  infinitely  small,  there  will  still  be  a  change  in  the  length  of  the  wire 
acted  upon. 

That  which  is  true  of  a  wire  is  equally  true  of  all  masses  cf  metal  of  what- 
ever proportion.  A  cube  of  steel  may  resist  an  enormous  load  tending  to  crush 
it,  and  yet  the  <'i{>plication  of  a  slight  force  effects  a  decrease  in  its  height.  The 
change  in  form  under  light  loads  is  certainly  small,  but  actual,  nevertheless. 
That  which  is  true  of  steel  is,  in  a  general  sense,  etiually  true  of  wrought  and 
cast  irons,  and,  in  fact,  metals  of  every  sort. 

The  machine  designer,  therefore,  can  not,  as  some  suppose,  make  the  several 
parts  of  his  machine  so  strong  that  they  will  remain  fixed  in  form,  but  he  must 
choose  rather  so  to  distribute  the  metal  with  reference  to  the  stresses  to  be  trans- 
mitted, that  the  change  in  form  which  is  sure  to  occur,  will  not  interfere  with  the 
action  of  the  proposed  machine. 

Some  years  ago  the  writer  became  interested  in  tests  involving  a  measure- 
ment of  the  strain,  that  is  the  change  in  form,  of  various  parts  of  steam  engines, 
parts  supposedly  invariable,  while  the  engines  were  being  worked  under  load. 
The  apparatus  employed  consisted  of  a  fine  micrometer  screw  mounted  upon  a 
frame  work  wholly  apart  from  the  engine  and  having  no  connection  with  it,  but 
so  arranged  that  the  screw  could  be  brought  in  contact  with  the  part  to  be  exam- 
ined. In  making  observations,  one  terminal  wire  from  a  telephone  receiver  was 
attached  to  the  part  of  the  engine  which  was  under  examination,  and  the  other 
terminal  from  the  telephone  to  the  micrometer;  the  observer  placed  the  telephone 
to  his  ear,  and  slowly  screwed  the  micrometer  in  towanls  the  desired  point  on 
the  engine.  If  the  part  of  the  engine  in  ijuestion  was  in  vibration  it  first  touched 
the  point  of  the  advancing  screw  for  an  instant  for  each  oscillation,  the  contact 
being  made  manifest  to  the  observer  by  a  sharp  click  in  the  telephone  as  the  cir- 
cuit was  made  and  broken  again.  This  fixed  one  boundary  by  which  the  amj)li- 
tude  of  the  vibration  was  to  be  determined.  Next  the  micrometer  was  advanced 
towards  the  engine  until  the  screw  did  not  break  contact  with  the  machines,  a  con- 
dition which  was  denoted  by  a  cessation  of  sound  in  the  telephone,  while  for  all 
intermediate  points  the  clicking  in  the  receiver  kept  time  with  the  revolutions  of 
the  engine.  It  was  assumed  that  this  last  position  of  the  micrometer  marked  the 
other  boundary  of  the  vibration.  The  difl'erence  of  the  two  readings  <»f  the 
micrometer  gave  the  ann>litude  of  the  vibrations,  or  the  extent  of  the  motion  in 
the  part  examined.     A  large  number  of  readings  from  several  parts  of  two  engines 
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in  the  Lalmratory  of  Purdue  Univerfiity  were  taken  by  Mr.  Adam  Herzog, 
B.  M.  E.,  a  summary  of  which  is  as  follows: 

First,  measurements  were  taken  from  a  15  x  24  Corliss  engine;  this  machine 
has  unusually  massive  j)arts,  the  frame  being  a  heavy  girder,  and  the  whole 
l^eing  mounted  in  an  excellent  manner  ujum  a  deep  foundation.  Observations 
were  made  while  the  engine  was  developing  only  35  horse-power  with  an 
initial  steam  pressure  of  80  pounds.  The  head  end  of  the  cylinder  was  found  to 
move  in  a  horizontal  direction  with  every  revolution  of  the  engine,  a  distance  of 
0.009  of  an  inch;  the  frame  over  the  guides  uuived  in  a  vertical  direction  0.014 
of  an  inch,  and  the  pillow  block  castings  in  a  horiz<mtal  direction  0.030  inches. 

Secondly,  measurements  from  a  14x1^)  engine,  having  a  modification  of  the 
box-bed,  mounted  upon  :i  substantial  foundation,  capped  by  a  single  stone  of 
massive  size.  The  details  of  the  engine  are  heavy  and  well  designed.  Its  center 
line,  however,  is  consi<lerablv  above  the  line  of  resistance  offered  bv  the  bed. 
Observations  were  taken  during  a  time  when  the  engine  was  running  under  an 
initial  pressure  of  only  40  pounds  and  while  developing  only  14  horse-power, 
which  is  less  than  half  its  rated  power.  The  head  end  of  the  cylinder  was  found 
to  move  horizontally  0.018''^,  and  the  toj)  of  the  cylinder  at  the  Hange  on  the 
crank  end  to  move  vertically  0.022'^. 

These  vibrations,  while  taking  place  with  every  stroke  of  the  engines,  would 
not  ordinarily  have  been  detected  with  the  eye,  and  were  not  accompanied  by  any 
shock  or  other  manifestation  which  would  indicate  their  presence.  The  measure- 
ments will  serve  to  show  to  what  extent  the  heavy  fixed  parts  of  well-designed 
machines  may  move  under  the  infiuence  of  the  forces  which  they  are  designed  to 
resist,  and  they  emphasize  the  necessity  for  a  distribution  of  the  metal  which  will 
give  strength  in  direct  line  with  the  stresses  to  be  transmitted. 


Viscosity  of  a  Polarized  Dielectric.     By  A.  Wilmer  Duff. 

[Abstract.] 
Very  few  observations  of  mechanical  actions  i)roduccd  in  li(iuid  dielectrics  by 
electro-static  stress  have  been  made.  Faraday  found  that  fibres  of  silk  in  the 
liquid  set  themselves  along  the  lines  of  force.  Quincke  thought  he  had  detected 
an  alteration  of  volume,  but  his  results  have  been  doubted.  Konig  tried  to  find 
a  variation  of  viscosity  by  finding  the  rate  of  How  through  a  capillary  tube  placed  be- 
tween charged  plates,  but  failed.  A  limit  was  set  to  the  accuracy  of  his  method 
by  the  difficulty  of  maintaining  the  tube  at  a  constant  temjierature. 


78 

The  author  has  sought  a  variation  of  viscositj  by  observing  the  rate  of  de- 
scent of  small  drops  of  mercury  through  castor  oil,  which  served  as  the  dielectric 
n  a  plate  condenser.  The  condenser  consisted  of  a  tall,  glass  tank,  the  middle 
part  of  which  served  as  a  condenser,  tin-foil  being  glued  to  the  middle  half  of  the 
outsides  of  the  glass  plates.  To  eliminate  temperature  effects  the  ratio  of  the  time 
of  descent  through  the  condenser  part  of  the  tank  to  the  time  of  descent  through 
the  non-condenser  part,  the  condenser  being  uncharged,  was  compared  with  the 
ratio  similarly  obtained  when  the  condenser  was  charged.  In  this  way  any  change 
of  temperature  affecting  the  whole  tank  may  be  eliminated.  To  further  eliminate 
any  variation  affecting  different  parts  of  the  tank  unequally,  a  long  series  of 
readings  was  taken  with  the  condenser  alternately  charged  and  uncharged ;  and 
each  ratio  obtained  with  the  condenser  charged  was  compared  with  the  mean  of 
the  adjacent  ratios  obtained  with  the  condenser  uncharged.  The  ex|>eriment  was 
jierformed  in  a  cellar  of  fairly  constant  temperature,  temperative  effects  being 
thus  almost  perfectly  eliminated;  longseriesof  readings  made  as  described  showed 
invariable  increases  of  viscosity  on  the  application  of  electro-static  stress.  The 
variation  of  viscosity  seemed  to  be  dependent  rather  on  a  non-uniform  or  varying 
electro-static  field  than  on  a  steady  field.  Castor  oil  and  glycerine  showed  an  in- 
crease of  viscosity. 

As  the  above  method  could  only  be  applied  to  very  viscous  liquids,  the  au- 
thor also  constructed  an  analogous  apparatus  on  the  capillary  tube  principle 
suitable  for  mobile  liquids.  It  consisted  of  a  capillary  tube  placed  vertically  be- 
tween condenser  plates,  and  connected  above  to  a  large  tube  with  four  constric- 
tions in  it  dividing  it  off  into  three  compartments.  The  times  of  emptying  of  the 
compartments  by  flow  through  the  capillary  tube  were  observed,  the  condenser 
being  first  uncharged  during  the  emptying  of  the  middle  chamber  and  then 
charged.  If  the  ratio  of  the  time  of  emptying  of  the  middle  chamber  to  the  sum 
of  the  times  o1  emptying  of  the  other  two  be  taken,  the  condenser  being  uncharged, 
and  compared  wiJi  the  ratio  similarly  obtained,  the  condenser  being  charged,  a 
method  free  from  temperature  effects  is  again  obtained  for  detecting  a  viscosity 
variation.  In  this  way  it  was  found  that  under  a  varying  electro-static  field,  car- 
bon di-sulphide  showed  an  increase  of  viscosity  and  paraffine  oil  a  decrease. 

The  above  methods  are  being  applied  to  other  liquids,  and  a  determination  of 
the  law  of  variation  of  the  effect  discovered  under  varying  strengths  of  electro- 
static field  will  be  made  later. 
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On  the  Altebnatikg  Current  Dynamo.    By  W.  E.  Goldsbobouoh. 

Consider  the  ease  of  a  simple  alternator  having  but  one  armature  coil  that 
rotates  in  a  magnetic  field  of  uniform  intensity  about  an  axis  at  right  angles  to 
the  direction  of  the  lines  of  force.  If  successive  instants  of  time  during  one  rev- 
olution of  the  coil  are  counted  from  the  instant  that  the  coil  passes  a  line  dravn 
through  its  axis  of  rotation  and  perpendicular  to  both  the  axis  of  rotation  and 
the  direction  of  the  magnetic  flux,  the  value  of  the  induction  piercing  the  coil 
at  any  instant  during  one  cycle  is  expressed  by  the  equation 

N  —  Niimx  COStPt,  (1) 

in  which  Nmax  equals  that  portion  of  the  flux  that  passes  through  the  coil  at  the 

instant  the  plane  of  the  coil  is  at  right  angles  to  the  direction  of  the  lines  of  force 

and  V'  represents  its  angular  velocity.     The  instantaneous  value  of  the  £.  M.  F. 

generated  in  the  coil  will  be,  by  Faraday^s  law 

dN 

e  = =  tf  Nmax  sintt^, 

dt 

=  E  sinirt  (2) 

since  its  maximum  value 

E=--tt'N„,ax  (3) 

If  the  coil  is  closed  through  a  circuit  of  resistance  Rj,  inductance  Lj  and  ca- 
pacity Cj,  the  resistance  and  inductance  of  the  coil  itself  being  R  and  L  respec- 
tively a  current  i  will  begin  to  circulate  and  we  can  write  the  equation  of  E.  M. 
Fs.  of  the  circuit  in  the  form 

di        fidt 

e  =  (R-f-Ri)i-f  (L+Li)  — -hJ — . 

dt  C\ 

From  this  exprej?»ion  we  can  derive  the  equation  of  the  current  in  terms  of  the 

constants  of  the  circuit  and  the  maximum  value  of  the  E.  M.  F.  developed  in  the 

coil  and  obtain 

E 


V 


(  ^w 


.    f  ,      ,     -ir           1                (L  4-  LJkti) 
sm  <  u-t  —  tan      7; -,,.,, ~—    y 

\  LCitt^R-l-Ri)  R  -f  Ri  -'J 


(4) 


which  expresses  the  instantaneous  value  of  i  as  soon  as  a  condition  of  cyclic  sta- 
bilitv  has  been  attained. 

«r 

Equations  (1),  (2)  and  (4)  are  the  general  equations  that  cover  the  working 
of  alternating  current  dynamos ;   they  have  been  subjected  to  graphical  analysis, 
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the  results  of  which  are  exhibited  in  the  figure  opposite  page  80,  and  are  dis- 
cussed ill  the  following  paragraphs : 

Suj)po8e  a  circuit  in  which  the  inductance  is  zero,  the  capacity  infinite  and 
the  resistance  variable,  to  l)e  subjected  to  the  influence  of  a  simple  harmonic 
E.  M.  F.  that  is  generated  by  an  alternator  having  a  constant  armature  inductance 
for  all  values  of  armature  current,  a  constant  field  excitation  and  a  constant 
speed.  Uuder  these  conditions  the  virtual  value  of  the  K.  M.  F.  at  the  brushes 
of  the  alternator  just  before  the  circuit  is  closed  will  be, — 

E  :=  w  X.nax  -^  1/2  ;  (5) 

which  is  represented  by  the  vector  OA  in  the  figure.  The  vector  ON  is  laid  oflf 
at  right  angles  to  OA  to  represent  the  value  of  the  M.  M.  F.  producing  Nmax. 
It  is  drawn  90°  in  advance  of  the  E.  M.  F.  it  induces  in  accordance  with  the 
relation  exhibited  in  e<|uatior.s  (1)  and  (2).  At  the  time  of  closing  the  circuit 
suppose  the  external  variable  non-inductive  resistance  to  have  a  value  K,,  and 
that  the  constant  armature  resistance  has  a  value  K  and  the  constant  armature 
inductance  a  value  L.     Then  the  e<|uation  of  the  current  will  assume  the  form  : 


K  •     r    .       .      -1       Km 

sir 


m\    I'i  -   tan 


(fi) 


and  its  virtual  value  — 


1  ^_-     .  _. _  _    _  (7) 

V   (K   4     Hi)  ■'    i     ].'u- 

which  we  can  represent  by  the  vector  OBj^  lagir'nii;  tan  ^     ^     —  detrrees  behind 

H    i    111 

OA.  Tliis  armature  current  will  react  uj>ou  the  magnetizing  forces  due  to  the 
constant  field  excitation,  and  by  virtue  of  the  inductance  of  the  armature  will 
])roduce  an  M.  M.  F.  in  phase  with  itself  whicli  is  represented  by  the  vector  XNq, 
drawn  parallel  to  the  current  vector  from  the  jjositive  extremity  of  ON.  This 
armature  M.  M.  F.  sets  up  a  cyclic  magnetization  developing  a  counter  K.  M.  F. 
Or)o  la;^giug  IM)^  decrees  behind  the  current,  and  there  is  a  loss  of  efi'ective 
E.  M.  F.  due  to  the  armature  resistance  that  is  shoWn  by  the  short  E.  M.  F.  vec- 
tor in  phase  with  OK^,  therefore  the  total  loss  of  K.  M.  F.  in  the  armature  will 
be  the  resultant  of  these  two  vectors  or  OA^.  The  etli'Ctive  F.  M.  F.  that  over- 
comes the  resistance  ol  the  non-inductive  external  circuit  will  be  the  vector  A^A, 
since  it  completes  the  F.  M.  I'\  trianj^le  on  OA  anil    is  in   phase   with  the  current 
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OHq.  The  total  effective  E.  M.  F  (OCq)  that  overcomes  the  total  ohmic  resistance 
(K  •  Kj)  of  the  circuit,  is  due  to  the  cyclic  magnetization  set  up  by  the  M.  M.  F. 
vector  oNq.  OXq  is  the  resultant  of  OX  and  NNq  and  as  shown  by  the  geom- 
etry of  till'  tijfure  it  is  \)i)°  in  advance  of  the  current,  and  therefore  of  AqA,  as  it 
should  be.  The  i)rojeciion  of  NNq  on  OX  is  the  component  of  the  armature 
M.  M.  \'\  that  acts  against  the  tield  magnetization,  i.  «.,  it  is  «  measure  of  the 
annahnt  n'ddion.  The  projection  of  NXq  on  OA  is  likewise  a  measure  of  the 
cro^s-niaguetizing  action  of  the  armature. 

JlaviuK  constructed  the  initial  diagram  we  can  now  follow  out  what  takes 
place  when  the  resistance  of  the  external  circuit  is  varied.  Suppose  R,  is  re- 
duced to  a  value  Ki  •  The  current  vector  head  Bq  will  move  out  along  the  semi- 
circh*  OH<.Bi  until  e(|uilil)rium  is  again  established  in  the  circuit  by  the  current 
reaching  its  maxinunn  possible  value  under  the  new  conditions.*  The  vectors 
OA  an«l  OX  retaining  their  positions,  all  the  other  vectors  involved  will  reach 
their  final  values  corresponding  to  the  new  current  by  following  the  arcs  of  the 
cin-les  passing  through  tljeir  positive  extremities  to  the  positions  designated  by 
the  ronnnon  subscript  letter  (r).  The  correctness  of  the  variations  indicated  can 
be  reailily  verifKMl  by  an  insj>ection  of  the  geometry  of  the  figure  in  connection 
with  equation  (7). 

In  thi-  present  case  Rj  has  been  reduced  to  zero;  in  other  words  the  sub- 
scripts (r)  indicate  what  takes  place  when  a  machine  whose  armature  inductance 
is  large,  as  well  as  constant,  is  short  circuited.  A^  moves  up  to  A,  and  the  E. 
M.  F.  at  the  bruslu's  is  zero.  The  current  assumes  an  angle  of  lag  of  almost  90° 
behind  the  tr)tal  internal  armature  E.  M.  F.  OA,  the  armature  reactiim  almost 
counlerbalaiii-es  the  M.M.F.  of  the  fields,  anil  the  resultant  M.  M.  F.  OXr  is  just 
snllicitMit  to  develop  the  E.  M.  F.  (H\  that  overcomes  the  resistance  of  the 
armature. 

Kfturnin;;  t<»  the  initial  conditions,  suppose  we  increase  the  value  of  Lj  from 
zero  to  SOUR'  value  Li.  /.  c,  suppose  we  introduce  inductance  into  the  external 
circuit.  The  virtual  value  of  the  current  will  then  be  exj)ressed  by  the  eijua- 
tioi) 

E  ( s  I 


\    (li   ♦    H-i)^  -i-  (L  -h  Li  )-»/•- 
and    it   will  l.ii;  behiinl  the  intern;il   E.  M.  F.    E  or  OA,   by   an  auKle 
."*^et?  Uoilell  ami  ('reh»»rc's  Altcrii;itinK  Current?,  luigc  22:^). 
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«      ...  /L  +  L, 


Referring  to  the  figure,  the  new  positions  assumed  by  the  variable  vectors,  owing 
to  the  introduction  of  Li,  are  designated  by  the  subscript  letter  (I).  The  cur- 
rent will  decrease  and  its  vector  head  move  along  the  circle  OBcBqBiO  until  a 
state  of  equilibrium  exists  between  the  forces  involved.  The  E.  M.  F.  that  over- 
comes the  resistance  and  inductance  of  the  armature  will  decrease  also  and  move 
to  the  position  OAj,  its  vector  head  following  the  circle  OAc  AqAjO,  and  the  E. 
M.  F.  at  the  collector  rings  will  iirst  decrease  and  then  increase  to  a  final  value 
AjA.  The  introduction  of  inductance  into  the  external  circuit  brings  the  E.  M. 
F.  at  the  collector  rings  and  the  total  internal  E.  M.  F.  (OA)  more  nearly  into 
phase;  it,  however,  causes  a  lag  angle  FiOBi  to  be  introduced  between  the  col- 
lector E.  M.  F.  and  fhe  current.  The  inductance  E.  M.  F.  of  the  armature  de- 
creases along  the  circle  ODcDoDjO  to  a  value  ODi  and  the  inductance  E.  M.  F. 
of  the  external  circuit  increases  from  zero  along  the  circle  YQcOQi  Y  to  a  value 
OQi.  The  resultant  M.  M.  F.  will  be  OXi,  and  it  is  seen  that  while  the  arma- 
ture reaction  has  remained  very  nearly  constant  the  croas-magnetizing  effect  has 
been  reduced  about  60  per  cent. 

From  our  initial  conditions  as  indicated  by  the  subscript  letter  (o)  we  can 
also  study  the  effects  produced  by  the  introduction  of  capacity  into  the  external 
circuit.  If  the  value  of  L\  is  reduced  from  infinity  to  some  value  Co,  the  vir- 
tual value  of  the  current  will  change  to 

—  E 

I  =  — -  —  (10) 

^'(R-l-RJ^  +  C-^-Lt^)' 
and  the  angle  between  OA  and  the  current  will  have  a  value 

^  =  ""'"  [(R  +  R.)C..u'  -  (R  +  Rj]  < ' ^^ 

In  consequence  of  this  change  the  current  vector  will  assume  the  position  OBc  and 
the  other  variable  vectors  will  move  to  their  corresponding  positions  shown  by 
the  subscript  letter  (c).  The  current  in  its  new  position  is  not  only  in  advance  of 
the  E.  M.  F.  (AcO)  at  the  brushes,  but  is  also  in  advance  of  the  E.  M.  F.  OA, 
since  it  has  moved  from  Bq  to  a  maximum  value  when  passing  OA,  and  then  de- 
creased in  value.* 

1.    See  IJedell  and  Crehore's  Alternating  Currents,  p.  297. 
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The  collector  E.  M.  F.,  on  the  other  hand,  steadily  increases  as  the  capacity 
decreases  till  it  reaches  a  value  AcA  much  greater  than  the  open  circuit  E.  M.  F. 
of  the  machine.  A  resonant  effect  comes  into  play  here  after  the  capacity  of  the 
line  neutralizes  the  inductance  of  the  armature  that  is  very  well  illustrated  by  the 
figure:  the  line  Ac  A  will  be  a  maximum  when  it  passes  from  A  through  the  center 
of  the  circle  OAcAoAiO,  and  will  represent  the  greatest  difference  of  potential 
that  can  possibly  exist  between  the  brushes  so  long  as  R  and  Kj  remain  un- 
changed in  value.  This  rise  in  potential  is  due  to  the  current  being  in  adtianee  of 
the  vector  OA,  for  the  position  of  the  armature  M.  M.  F.  vector  is  also  advanced, 
and  NN(>  increases  the  total  flux  in  the  air-gap  instead  of  diminishing  it.  The 
cross- magnetizing  action  of  the  armature,  however,  remains  approximately  the 
same. 

The  introduction  of  capacity  into  the  line  causes  the  inductance  E.  M.  F. 
of  the  armature  to  move  to  the  position  Dc,  and  the  reactance  E.  M.  F.  of  the 
external  circuit  to  decrease  through  zero  and  then  increasing,  assume  a  position 
QcO,  considerably  in  advance  of  the  collector  E.  M.  F.,  and  90°  in  advance  of 
the  current  0H<.. 

The  arrows  indicate  the  relative  direction  of  motion  of  the  vectors  as  the  re- 
sistance is  varied  from  infinity  to  zero,  or  as  the  reactance  is  carried  from  zero 
capacity  to  an  infinite  inductance. 

By  following  out  a  similar  line  of  constructions  the  effects  produced  by  vari- 
ations  of  the  armature  inductance  can  be  studied,  and  by  successfully  varying 
the  resistance,  inductance,  capacity  and  frequency  constants,  and  constructing 
corresponding  diagrams,  a  large  variety  of  problems  involving  the  simultaneous 
variation  of  several  terms  can  be  successfully  treated. 


A  Method  of  Measuring  Permeability.     By  A.  Wilmer  Duff. 

TAbstract.] 

The  most  common  method  of  measuring  the  permeability  of  iron,  or  the 
ratio  in  which  the  presence  of  iron  strengthens  the  magnetic  field,  is  to  make  a 
ring  of  the  specimen,  cover  it  with  two  layers  of  wire,  one  connected  with  a  source 
of  current  to  magnetize  the  ring,  the  other  with  a  ballistic  galvanometer  to  measure 
the  quantity  of  electricity  induced  in  this  secondary  coil  by  making  or  breaking 
the  primary  current.  The  galvanometer  is  calibrated  by  means  of  a  straight 
calibrating  coil  consisting  of  a  non-magnetic  core  similarly  wound  with  a  primary 
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and  secondary.  Then  from  the  various  dimensions  of  the  ring  and  the  calibrat- 
ing coil  as  regards  number  of  1  urns  of  the  primary  and  secondary,  cross-hecli<in 
and  length  of  core,"  intensity  of  primary  currents  and  throws  of  the  galvanometer, 
the  permeability  nf  the  s{)ecimen  can  be  calculated. 

The  objections  to  the  above  method  are  the  tediousness  of  observing  the  con- 
stants (about  a  dozen  in  all)  and  making  the  calculation  therefrom,  and,  further, 
the  inaccuracies  involved  in  assuming  the  areas  of  windings  and  core  to  be  the 
same,  in  neglecting  the  tliflference  in  closeness  of  winding  between  the  inside  and 
outside  of  the  ring,  etc. 

For  the  last  two  years  the  author  has  recommended  the  following  nu'thod  to 
his  students.  An  exact  non-magnetic  copy  of  the  ring  sj>ecimen  is  made  in  the 
form  of  a  f)lahter  of  Paris  cast  therefrom.  This  cast  is  wound  precisely  similarly 
to  the  iron  ring.*  The  permeability  is  then  simply  the  ratio  of  the  throws  given 
by  the  iron  ring  an<l  the  plaster  of  Paris  ring  on  making  or  breaking  ecjual 
currents  in  the  primaries.  The  calculations  are  thus  greatly  simplified  and  the 
inaccuracies  iuvolve<l  in  the  above  mentioned  assumptions  are  greatly  reduced 
and  can  be  completely  eliminated  by  winding  the  primaries  and  secondaries  in 
alternate  turns  on  the  core.  It  is  not  claimed  that  by  this  method  the  galvano- 
meter is  more  exactly  calibrated,  but  it  is  calibrated  under  the  exact  conditirms 
under  which  the  actual  measurements  on  the  specimen  of  inm  are  made.  It  is 
calibrated,  in  fact,  by  the  actual  windings  on  the  ring  8|>ecimcn,  the  in»n  (-(ire 
being  replac«'d  by  a  non-magnetic  core. 

With  a  view  to  testing  the  sum  total  of  the  errors  inherent  in  the  ordinary 
ring  method,  *;imultaneous  determinations  of  the  permeability  of  the  same  SjK'ci- 
men  were  madeby  tlie  two  methods.  It  was  found  that  the  total  error  involved 
in  the  use  of  the  ordinary  calibrating  coil  was  often  large,  aniouniint:  in  s«mie 
cases  to  as  much  as  thirty-eight  jier  cent. 


EmPIKICAL    FoRMlLA    FOR   THE    TEMrERATlRE    VARIATION    OF     ViSCOSITV.        Ry 

A.  WiLMER  Duff. 

I  Abstract. I 
A  careful  determination  was  made  of  the  viscosity  of  glycerine  between  zero 
and  thirty  «legrees.  The  method  employed  depended  on  St<>ke8'  formula  for 
the  rate  of  descent  of  a  *jphere  through  a  viscous  li(piid.  Several  different  forms 
of  formula  have  been  j)roposed  for  the  representation  of  this  temperature  varia- 
tion.    It  was  shown  that  n^ne  of  these  would  apply  throughout  a  wide  range  of 
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temperature  variation.  By  plotting  a  curve  of  the  8ub-tangent  of  the  viscosity- 
temperature  curve  against  the  temperature,  a  subsidiary  curve  was  formed  which 
should,  in  all  the  types  of  formula  proposed,  be  a  straight  line,  but  which  turned 
out  to  be  a  parabola.  On  determining  the  constants  of  the  parabolic  etiuation 
and  integrating  this  to  obtain  the  equation,  of  the  viscosity-temperature  curve, 
a  formula  was  deduced  which  represented  the  experimental  results  to  within  the 
limits  of  exjK'rimental  accuracy.  This  formula  was  an  exponential  one,  the 
exponent  being  the  inverse  tangent  of  a  linear  function  of  the  temperature. 
Reasons  were  given  for  believing  that  this  would  represent  the  temperature 
variation  of  the  viscosity  of  any  li(|uid. 


The    Effeit  of   (irape-Si'(;ar   Upon    the    Composition   of   Certain    Fat- 

Proditcin(;  Bacteria.     By  Robert  E.  Lyons. 

It  has  been  observed  by  Dr.  E.  Cramer^  and  others^  in  studies  upon  the  com- 
jKjsition  of  bacteria,  that  the  same  micro-organism  grown  upon  Peptom  and 
(irape-sugar  Agar-Agar  produces  in  each  case  diflerent  quantities  of  nitrogenous 
substances  and  matter  which  is  soluble  in  alcohol  and  ether. 

In  this  same  direction  DucleauxJ  demonstrated  that  yeast  cells  grown  upon 
a  material  containing  grape-sugar  produced  fat,  while  the  same  yeast  grown  upon 
j>ure  nitrogenous  material  did  not  produce  fat. 

To  study  how  grape-sugar  affects  the  (|uantitie8  formed  of  nitrogen,  ash,  fat 
ami  matter  to  be  extracted  by  means  of  alcohol  and  ether,  three  varieties  of  cap- 
sule bacilli  were  selected: 

Pfeiffers'  Capsule  Bacillus. 
Fadenziehender  Capsule  Bacillus. 
No.  28  Capsule  Bacillus. 


*  Dr.  E.  Cramer— " /usaininonsetzung  der   Bacrterien  in  ihror  Abh.inifiifkeit  von  dem 
Nuhrmaterial."   Arch,  fiir  Hygiene— W,  151-191. 

t  Tayosftku-Nishimura— '•  Zu8anunen«etzunKeinei«  Wafperbaeillus."  Arclufur  Hygiene 
IS  318-:«3. 

t  Ducleaux-'*  Sur  la  nutrition  intern<'ellulaive."  Ann.  de  rin.«titute  Pafteur— 1889  No. 
8,  p.  413. 

Fadenziehender  and  No.  28  are  form!?  from  the  water  of  the  River  Lahn,  near  Mos- 
bourg. 
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The  culture  medium  employed  was  a  neutral  1  per  cent,  meat  extract,  agar 
agar,  with  the  addition  of  varying  quantities  of  grape-sugar,  1,  5  and  10  per  cent., 
respectively. 

The  agar  was  prepared  in  an  autoclave  after  the  method  of  v.  Meyer  &  Buchner 
and  every  care  taken  in  each  preparation  to  obtain  as  uniform  a  material  as 
possible. 

To  control  the  uniformity  of  the  various  preparations,  estimations  were  made 
from  time  to  time  of  the  solids  (105°  C.)  in  the  nutrient  media,  for  example: 

10  cc.  1  ^  grape-sugar  agar  =  0.369  grm.  Residue. 
10  cc.     *'  **  ''    =0.383     '*  *' 

10  cc.    "  "  "     =0.374    "  " 

To  grow  the  organisms  agar  agar  plates  were  inoculated  with  a  fresh  bouillon 
culture,  by  means  of  a  roll  of  thin  platinum  foil  and  within  a  moist  chaml^er 
placed  in  the  thermostat  at  37. °5  C. 

At  the  expiration  of  48  hours  the  purity  of  the  culture  was  controlled  and 
the  bacteria-mass  carefully  removed  with  a  scalpel  and  dried  in  a  vacuum  over 
sulphuric  acid. 

Dr.  F.  Smith  (1)  maintains  that  the  presence  of  grape-sugar  in  the  culture 
medium  causes  an  increased  production  of  gas  and  acids. 

However,  when  the  drying  operation  was  conducted  in  the  apparatus  of  An- 
berger  &  Zulkowsky,  connected  with  a  condenser,  the  presence  of  acid  in  the  dis- 
tillate could  not  be  demonstrated. 

The  gas  production  varied,  as  the  amount  of  sugar,  and  the  odor  of  ethylic 
alcohol  was  always  present,  but  the  odor  of  the  fatty  acids  was  never  encountered. 

That  volatile  acids  are  formed  during  the  growth  of  the  cultures,  under  the 
conditions  given,  could  not  be  demonstrated. 

The  material  dried  finally  at  105°  C.  was  subjected  to  analysis. 

Intimation  of  ash  : 

Nitrogen  (Kjeldahl  NX6.25=nitrogenous  substances. 
Ether  extract  (Soxhelet's  app.,  48  hours.) 
Alcohol  extract  (Soxhelet's  app.,  IH)  hours.) 


(1)  Dr.  F.  Smith— "Bedeutung  del  Zackera,  in  Kultur  Medien."  Oentralblatt  fUr  Bact. 
■u.  Pariitl8,  l-s.  1. 
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Pfeiffer 


I  per  cent. 
Urape-sagar 
Agar  Agar. 

fN.  Subst 62.75 

Ether  Extr 1.68 

Alcohol  Extr...  12.17 

Ash 7.16 


5  per  cent. 
Grape-aagar 
Agar  Agar. 

58.88 

3.50 
17.30 

2.97 


10  per  oeot. 
Grape-eagf«r 
Agar  Agar. 

45.88 
2.67 

29.60 
3.09 


No.  28. 


Total 83.76 

N.  Subst 71.81 

Ether  Extr 3.32 

Alcohol  Extr. . .   11.39 
^  Ash 6.51 


Fadenziehender. 


Total 93.03 

N.  Subst 61.05 

Ether  Extr 1.75 

Alcohol  Extr...  18.40 

Ash 8.09 

Total 89.29 


82.65 

81.24 

59.12 
3.84 

15.91 
3;  66 

46.25 

2.84 

22.78 

4.18 

82.63 

76.05 

44.31 
2.24 

21.80 
4.50 

33.25 
1.87 

27.50 
3.02 

72.85 


65.64 


On  examination  of  the  table  it  is  seen  that  a  constant  decrease  in  nitrogenous 
substances  of  the  bacteria-mass  accompanies  the  increasing  percent,  of  sugar  in 
the  culture  medium. 

Whether  or  not  the  total  nitrogen  consists  in  part  of  albumen-nitrogen,  or 
in  part  of  extract-nitrogen  ;  and,  further,  if  the  extracted  nitrogenous  sub- 
stances contain  a  lower  per  cent,  of  nitrogen  than  the  albumen  of  the  bacteria, 
can  not  as  yet  be  determined  owing  to  the  very  small  amount  of  material. 

The  increase  in  the  quantity  of  extract  matter  goes  hand  in  hand  with  the 
increasing  per  cent,  of  sugar  in  the  agar  agar. 

For  the  matter  soluble  in  ether  this  is  true  only  to  five  per  cent,  grape-sugar; 
at  ten  per  cent,  sugar  the  maximum  production  of  fat  seems  to  have  been  attained. 

In  this  connection  it  is  interesting  to  observe  the  relationship  between  the 
ether  extract  and  the  ash. 

A  decrease  in  the  ash  and  an  increase  of  fat  corresponds  to  five  per  cent,  sugar 
and  to  ten  per  cent.,  vice  versa. 

It  might  seem  that  the  apparent  increase  in  fat  was  due  wholly  or  in  part  to 
the  relative  decrease  in  the  ash. 

It  is  readily  seen  that  this  is  not  the  case  by  calculating  the  per  cent.,  exclud- 
ing the  ash  ;  on  the  contrary,  the  three  forms  studied  produce  more  matter  soluble 
in  ether  and  alcohol  when  they  are  grown  upon  media  with  a  high  per  cent,  sugar 
than  when  they  are  grown  upon  such  containing  a  lower  per  cent,  sugar. 
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Briefly  stated  the  results  of  the  investigation  are : 

1.  The  quantity  of  nitrogenous  material   is  inversely  proportioned  to  the 
quantity  of  sugar  present. 

2.  To  a  certain  limit  the  increase  of  sugar  is  accompanied  by  a  decided  in- 
crease in  the  quantity  of  fat. 

At  ten  percent,  sugar  the  most  favorable  conditions  for  fat  production  aj)- 
pear  to  be  overstepped. 

3.  Matter  soluble  in  alcohol   increases  constantly  with  the  increasing  per 
cent,  of  sugar. 


A  New   Method   for  the  Preparation  of  Phenyl- Com  pounds  With  Sul- 
phur, Selenium  and  Tellurium.     By  Robert  E.   Lyons. 

The  very  great  similarity  between  the  compounds  of  sulphur,  selenium  and 
tellurium  was  observed  bv  Frederick  Woehler  and  other  chemists  of  his  time. 

To  trace  this  similarity  further  I  was  led  to  attempt  preparing  certain  bodies 
to  fill  up  thi'  gap^  between  the  known  compounds  of  the  organic  radicals, 
methyl,  ethyl  and  phenyl,  with  sulphur,  selenium  and  tellurium. 

C.  Chabrie*-'  gives  the  results  of  several  years'  study  of  aromatic  compounds 
of  selenium  prepared  after  the  Friedel-Crafts'  reaction,  but  this  method  in  my 
hands  did  not  lead  to  satisfactorv  results. 

On  the  other  hand,  the  method  proj)osed  by  Drs.  F.  Kratft  and  W.  Vorster,t 
?.  c,  the  rej)lacement  of  the  SOj  group  in  the  sulfone  by  sulphur  or  selenium : 

C,IJ,.  SO^.  C,H,  +  S      C«H,.  S.  CJh  -f  SO,. 
Di  phony  Isulfone.  Diphcnylsultid. 

was  easily  carried  out  and  afforded  ()0-70  per  cent,  of  the  theoretical  amount. 

As  cxfcllcnt  as  this  method  is  for  the  preparation  of  sulphur  and  selenium 
compounds,  it  was  nevertheless  found,  that  the  sulfohenzid,  even  after  prolonged 
heating  with  powdered  tellurium,  remained  unchaiigo<l. 

Tellurium  <lichloridc.  Te  CI 2,  was  next  prepared  in  the  h()j)e  that  through  its 
action  upon  mercury  di|)lR*nyl,  Hg  (CH^),,  the  dii>hcuyltelluride  would  be  ob- 
taine<l  according  to  the  folbnviug  reaction: 

(V,H,.  Hg.  (•.113   {  Tc  (1,  -(  .11,.  Te.  C.H,  ^   HgCl,. 


Ann.  tic  Ciu'inir  tf  «le  lM»y^;illlu•.  VI  .-iric  t.XX.  p.  *_*iri-2.s<>  (K»i));  m1^(.,  Couii»t.  rend. 

109,  is'ic'i  •'^•s  (iHWin. 

i  H«.Tichte  der  Dcutschcn  ('hem.  ( J c5oIl.  "-'»>.  2*^13. 
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However,  the  reaction  did  not  take  place  according  to  the  above  equation, 
hut  the  tellurium  and  the  mercury  combined  in  the  final  reaction,  with  the 
formation  of  monoehlorbenzene. 

({'o  H.),  Hg+Te  CU-2C.  H.  Cl+Hg  Te. 

From  ihia  change  I  was  led  to  expect  the  formation  of  the  desired  body,  Di- 
phenyltellurid,  by  the  double  decomposition  of  Diphenyl-mercury,  by  means  of 
metallic  tellurium  alone — and  the  expectation  was  happily  confirmed  by  experi- 
ment. 

(CV,  H,)  Hg4-Te,=Co  H.  Te  C^  H.+lIg  Te. 

If  tellurium  and  mercury-diphenyl  in  the  proportions  by  weight  indicated  by 
the  e(|uati()n  l>e  heated  together  in  a  sealed  tube  filled  with  COj  "gas,  4-5  hours, 
at  a  temperature  of  200°  Cent.,  there  results  a  grayish  l)lack  crystalline  mass,  sat- 
urated with  a  thick,  heavy  oil. 

This  oil,  by  extraction  with  ether  and  purification  by  rectification,  was  found 
to  be  Diphonyltellurid,  78  per  cent,  of  the  theoretical  quantity. 

Thus  I  succeeded  in  preparing  the,  till  then  unknown,  diphenyltellurid. 

The  method  is  a  general  one. 

Dreher  and  Otto  "^  studied  the  action  of  sulphur  upon  mercury-diphenyl  and 
were  of  the  opinion  that  diphenyl-sulphide  was  formed  only  at  a  red  heat. 

However,  the  corresponding  sulphides  and  telsurides  may  be  obtained  with 
the  greatest  ease  by  heating  mercury-diphenyl  with  sulphur  or  selenium  to 
200°  C.  under  the  conditions  given. 


Camphoric  Acid.     By  W.  A.  NoYFi?. 

In  a  paj>er  presented  to  the  Academy  last  year  two  acids,  which  were  calle*! 
eis-campholytic  acid  and  cis-transcampholytic  acid  were  described.  The  cis- 
(ampholvtic  acid  has  now  been  reduced  and  a  dihvdro  acid  obtained  from  which 

I  V  • 

the«-brom  derivative  has  been  prepared.    This,  on  treatment  with  alcoh  lie  pota>h 

yields  the  cis-oampholytic  acid  agnin,   thus  i)roving  conclusively  that  the  <louble 

union  in  the  latter  is  in  the  ,3  position. 

CII,        1 

CII,       3 

I  CO  2  H  4 

and  sodium  and  the  '/-biom  derivative  of  the  hexahydro  aci<l  obtained,  was  pre- 
pared.    The  latter,  on  treatment  with  alcoholic  potnsli,  does  not  give  either  of  the 


Xylyllic  arid,  C-,,  ll.^<  ClI,       3.     has  been  reduced  by  means  ol  amyl  alcohol 


Bcrichte  iler  l>cur.-s<'heii  ('hem?.,  (le.sell,  /.    MH. 
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campholytic  acids.     This  furnishes  quite  conclusive  proof  that  the  formula  for 

-camphor  proposed  by  Armstrong*  is  not  correct. 

rCH,        1. 
The  preparation  of  the  acid,  C  b  H,  -;  COj  H  2.    has  been   undertaken  and 

I  CHg        3.7 

by  a  study  of  its  derivatives  it  is  hoped  to  secure  proof  of  the  truth  or  falsity  of 

Collie'st  formula  for  camphoric  acid. 


Note  on  Milk  Inspect roN.     By  Geo.  W.  Benton. 

The  milk  supply  of  cities  is  becoming  a  matter  of  scientific  interest.  Formerly 
milk  sophistication  consisted  of  skimming  or  watering  or  both.  More  recently 
various  well  authenticated  rumors  of  the  employment  of  chemists  in  the  prepara- 
tion of  adulterants,  and  the  marketing  of  preparations  which  enables  the  creamery 
to  substitute  foreign  fats  for  milk  fats  have  caused  increased  attention  and  greater 
<;are  in  their  examination.  The  inspector,  devoid  of  scientific  skill,  relies  upon 
the  lactoscope,  the  lactometer,  the  hydrometer  and  the  Babcock  machine,  instru- 
ments sufficiently  accurate  and  reliable  for  the  cases  of  skimming  and  watering 
for  which  they  were  made,  but  entirely  unreliable  when  taken  alotie  in  the  detec- 
tion of  the  preparations  made  by  chemists  for  the  express  purpose  of  deceiving 
those  using  the  instruments. 

In  my  two  years'  experience  in  the  work  of  milk  analysis,  abundant  evidence 
ot  the  un trustworthiness  of  ordinary  inspection  came  to  ray  notice.  Besides  the 
watered  and  skimmed  milk,  samples  of  pure  cream,  common  herd  and  Jersey 
milk,  were  passed  upon  and  pronounced  suspicious  by  the  ordinary  methods  in 
the  hands  of  the  inspector.  And,  finally,  it  became  necessary,  in  view  of  the  fab- 
rications employed,  to  do  away  with  such  tests,  and  subject  everything  to  a  more 
searching  examination,  as  the  only  sure  way  to  get  at  the  truth. 

A  c  'se  in  point  came  under  my  observation  in  December,  1892,  as  follows: 

An  inspector  brought  in  a  sample  of  milk  which,  by  his  testing  instruments, 
gave  evidence  of  being  rich,  but  the  appearance,  on  close  examination,  was  not  in 
strict  conformitv  with  the  other  indications,  and  he  submitted  it  for  analvsis. 
Re-»ult8  attained  were  as  follows,  the  data  taken  from  mv  notes  made  at  the  time : 

A  careful  phvsical  examination  showed  the  milk  to  be  abnormallv  thick  for 
milk,  but  not  for  cream.     A  portion,  on  standing  several  hours,  failed  to  show  a 

<'Ber.  d.  Chem.  (Je?.  (16,2260.) 
t  Ibid.  ;?J,  1116. 
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cream  separation,  although  there  was  evidence  of  an  oil  separation,  lacking  only 

the  true  color  of  cream.     No  artificial  color  had  been  used. 

The  further  analysis  was  as  follows: 

Per  cent. 

Sp.  (i.  at  60°  C 1.024 

Water,  by  evaporation 80.30 

Solids,  by  evaporation 19.70 

Solids,  by  the  Lactometer  (N.  Y.) 13.50 

Fat8,  by  Feser's  Lactosoope 5.00 

Fat8,  by  extraction 4.95 

Solids,  not  fat 14.75 

By  some  oversight  the  ash,  if  taken,  was  not  recorded.  Absence  of  a  record 
in  this  instance  would  indicate  that  the  ash  was  not  abnormal,  as  it  was  my  in- 
variable custom  to  take  it.  No  effort  was  made  to  determine  the  nature  of  the 
solids  not  fat,  as  the  purpose  of  the  analysis  was  not  to  determine  the  kind,  but 
the  extent  of  the  sophistication,  and,  at  the  time,  a  press  of  work  prevented  my 
taking  up  the  matter  from  scientific  interests. 

The  microscope  confirmed  the  indications  already  observed.  The  familiar 
milk-fat  corpuscles  were  almost  wholly  absent,  and  in  their  stead  was  a  mass  of 
irregular  fatty  bodies,  twenty-five  to  fifty  times  the  size  of  milk-fat  corpuscles, 
whose  appearance  suggested  some  vegetable  oil  admixture,  possibly  cotton-seed. 

Consideration  of  the  results  shows  that  the  addition  of  a  little  coloring  matter 
would  have  {)laced  the  milk  beyond  the  reach  of  ordinary  inspection  methods, 
while  the  determination  of  solids  and  the  microscope  proved  conclusively  a  skill- 
ful adulteration.  It  will  be  noted  that  the  lactometer  failed  to  detect  the  abnor- 
mal solids,  as  it  depends  for  its  data  upon  Sp.  G.,  while  the  lactoscope  and  ex- 
traction processes  showed  about  five  per  cent,  of  fat,  which  the  microscope  proved 
to  be  almost  wholly  foreign  to  milk. 

My  own  experiments,  confirmed  by  many  others,  show  that  milk  solids  are 
among  the  least  variable  factors  in  milk  analysis,  as  the  average  milk  containing 
3.5  per  cent,  of  milk  fat  is  nearly  always  found  to  contain  about  12.5  per  cent,  of 
solids,  while  Jersey  milk  with  4.5  to  5.0  per  cent,  of  fats  never  exceeds  14.5  per 
cent,  of  solids.  It  will  be  observed,  that  the  milk  referred  to  gave  19.7  per  cent, 
of  solids  and  nearly  5.0  per  cent,  of  a  substituted  oil. 

As  long  as  milk  inspection  is  confined  to  the  use  of  instruments  in  the  hands 
of  unskilled  inspectors,  the  dishonest  creamery,  backed  up  by  professional  chemi- 
cal skill,  will  continue  to  furnish  a  cheap,  fabricated  article,  which  savors  less^ 
and  less  of  its  reputed  origin  and  character. 

Indianapolis,  Dec.  2,  1895. 
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Ratio  of  Alcohol  to  Yeast  in  Fermentation.     By  Katherine  E.  Golden. 

Fermentation  is,  essentially,  the  breaking  up  of  chemical  compounds  into 
simpler  and  more  stable  compounds.  Some  form  of  fermentation  goes  on  in  all 
living  cells,  the  nature  of  the  fermentation  and  the  resulting  products  depending 
on  the  organism  and  the  body  fermented.  The  results  may  be  simple,  as,  for  ex- 
ample, where  a  single  organism  is  used,  or  complex  where  a  number  of  organisms 
are  working  together.  Where  a  single  organism  is  used,  the  predominating  re- 
sulting product  gives  the  fermentation  its  name. 

In  the  alcoholic  fermentation,  besides  the  alcohol  are  formed  COj,  succinic 
acid,  glycerine  and  a  number  of  by-productp,  the  nature  and  quantity  of  which 
depend  on  the  orgenism,  and  the  conditions  under  which  it  is  grown.  Beers  and 
wines  depend  mainly  on  these  by-products  for  their  aroma  and  special  character, 
so  that  experimenters,  using  the  same  kind  of  grape,  have  obtained  many  diflferent 
wines;  the  same  way  for  beers,  using  the  same  wort,  but  varying  the  yeast,  dif- 
ferent beers  are  obtained.  Kven  from  apple  must  good  wines  have  been  pro- 
duced, by  the  use  of  certain  yeast  cultures.  Again,  mixing  certain  yeasts  in  the 
brewing,  characteristics  are  obtained  which  arc  impossible  with  a  single  form. 
Large  breweries  now  have  competent  bacteriologists,  who  seem  to  the  uninitiated, 
to  be  able  to  manipulate  their  yeasts,  molds  and  bacteria  much  as  a  juggler  does 
his  implements. 

Yeast  is  the  organism  most  commonly  used  to  induce  the  alcoholic  fermenta- 
tion, though  it  can  be  induced  also  by  certain  bacteria  and  molds.  The  yeast 
which  is  used  in  brewing  is  S.  ceievisije,  there  being  two  well  marked  varieties, 
the  cerevisia-,  which  produces  top  fermentation,  and  that  which  produces  bottom 
fermentation.  Top  yeast  works  at  a  comparatively  high  temperature,  the  action 
is  rapid,  and  the  yeast  rises  to  the  surface  of  the  KKpiid;  this  is  used  in  the 
brewing  of  ale  and  porter.  Bottom  yeast  works  at  a  low  temperature,  the  action 
is  slow,  and  the  yeast  is  at  the  bottom  of  the  licjuid;  the  l>ottoni  yeast  is  used  in 
the  brewing  (►f  lager  beer. 

Wort,  which  is  the  basis  of  beer,  is  made  in  the  following  manner:  First 
there  is  the  malting  of  the  grain,  which  consists  of  the  germinati(>n ;  then  the 
stopj»age  of  the  germination  by  heat.  The  first  stages  are  for  the  purpose  of 
changing  the  chemical  constitution  of  the  grain  ;  diastase  is  develope<l  from  the 
all>uniinoid  matter;  thediasta.se  then  acts  on  the  starch,  changing  it  to  maltose 
and  dextrine.  When  tliis  development  has  reached  the  proper  point,  tlie  germ  is 
killed  l)y  drying.  The  j^rain  is  liien  cleaned  and  crushed  and  j)la(ed  in  warm 
water  tn  allow  the  diastase  to  act  still  further  on  the  starch,  the  comj>lction  of  this 
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proiM'ss  l>eing  deterniined  by  the  iodine  test.  The  solution  is  then  drawn  off  and 
boiled,  hops  being  added.  The  hops  give  to  the  beer  a  bitter  taste,  besides  aid- 
ing in  its  keeping;  they  also,  by  means  of  their  tannic  acid,  facilitate  the  coagula- 
ion  oi  the  protein  material,  which  is  going  on  by  means  of  the  boiling.  The 
wort  is  tluM)  cooled  rapidly,  after  which  it  is  ready  for  fermentation. 

There  are  different  methods  used  by  manufacturers  in  the  fermenting  of  the 
wort,  hut  by  whatever  method  there  are  always  three  stages  into  which  the  fer- 
mentation can  be  divided:  the  main  fermentation,  which  begins  in  a  thort  time 
after  the  yeast  is  added,  during  which  time  the  maltose  is  decomposed,  new  yeast 
cells  are  fi»rnied  and  a  rise  in  temperature  takes  place;  the  after Jh^ientation  is  the 
next  sta^e;  maltose  continues  to  be  decomposed,  the  formation  of  yeast  cells 
nearly  ceases,  the  yeast  settles  and  the  beer  clears;  ihe  last  stage  is  the  Mill  fermen- 
tation, maltose  is  still  decomposed,  dextrine  is  changed  into  maltose,  but  no  new 
yeasi  cells  are  formed.  The  main  fermentation  lasts  from  four  to  eight  days;  the 
other  stages  vary  in  time,  and  are  controlled  by  changing  the  conditions. 

In  the  experiments  which  I  made  the  study  was  on  the  main  fermentation, 
ii\u\  was  to  determine  the  ratio  between  the  amount  of  alcohol  and  the  number  of 
yea^^t  cells  formed.  Wort,  that  was  ready  for  fermenting,  was  obtained  from  one 
of  the  breweries,  tiltered,  then  placed  in  Hasks,  and  sterilized  by  the  fractional 
sterilization  method.  Two  litres  were  Uhed  in  a  flask.  Pure  yeast,  which  had 
been  separated  from  a  compressed  cake  by  the  Hansen  orientation  method,  was 
used  ;  a  colony,  which  had  been  grown  from  a  single  cell,  was  placed  in  5cc.  of 
wort  in  a  test  tube,  and  allowed  to  remain  there  twenty-four  hours.  This  quan- 
tity was  tlien  a<lded  to  the  wort  in  the  Hask.  This  corresponds  to  the  method  em- 
ployeil  in  breweries,  where  a  quantity  of  yeast  is  first  grown  in  a  small  amount  of 
wort:  this  (juantity,  called  "pitching  yea>:t,"  then  added  to  the  main  quantity 
that  i>  wanted  for  beer.  After  the  addition  of  the  j)itching  yeast,  the  llask  was 
shaken  thoroughly,  and  1  cc.  taken  out  with  a  sterilized  pipette,  for  the  purpose 
of  counting  the  yeast  cells.  To  the  1  cc.  was  added  1  cc.  dilute  Hj,SO^  for  pre- 
venting further  growtli  of  yeast,  and  also  for  dilution.  The  wort  was  kept  in  a 
con>tant  temperature  oven  at  2')°c.,  this  being  a  temperature  at  which  the  yeast 
grf)ws  vigorously. 

At  the  end  of  every  twenty-four  hours  for  seven  days  the  llask  containing  the 
wort  was  shaken  vigorously  ktr  some  time,  so  as  to  distribute  the  yeast  cell?*  thor- 
oughly, then  1  CO.  taken  in  the  manner  described,  and  also  200  cc.  for  determin- 
ing the  alcohol.  The  alcohol  was  estimated  by  direct  distillation;  100  cc.  was 
distilled  over,  then  an  accurately  tared  pycnometer  of  oO  cc.  capacity  used  lor 
the  weighiug.      When  the  temperature  varied  from  lo.o^c,  Allen's  formula  for 
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correcting  the  density  was  used.  D  ■=  EK  -f  d  (.00014  -j-  ^-)  D  =  required 
density;  IK  =  observed  density;  d  ^=  difference  in  temperature  between  15.5°c. 
and  observed  temperature. 

After  the  specific  gravity  of  the  distillate  was  obtained,  Allen's  tables  were- 
used  for  determining  the  per  cent,  of  absolute  alcohol. 

The  apparatus  for  counting  the  yeast  cells  was  made  by  taking  a  thin  strip  of 
brasp,  cutting  an  oblong  hole  throuf  h  it,  then  cementing  a  strip  of  glass  to  one 
side  of  it,  and  using  a  similar  strip  for  a  cover  on  the  other  side.  This  gave  a 
chamber  of  known  dimensions,  so  that  when  the  yeast  liquid  was  placed  in  it  the 
thickness  of  the  layer  was  known.  To  obtain  the  other  two  dimensions,  a  micro- 
meter having  small  squares  engraved  on  it  was  placed  in  the  eye-piece  of  the 
microscope,  and  the  value,  with  a  system  of  lenses  then  determined.  The  cell  con- 
tents of  a  number  of  these  squares  were  counted,  and  the  average  obtained.  To 
determine  the  number  of  scfuares  to  be  counted,  countings  and  determinations 
were  made  until  the  number  obtained  had  no  influence  on  the  average.  This 
number  of  squares  was  then  used  on  duplicate  samples: 
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ALCOHOL. 

No. 
1. 

Hours. 
24 

Sp.  gr.  ale. 
.9915 

Per  cent.  abs.  ate. 
by  u't. 

2.41 

Per  cent.  inc. 
ale.  per  day. 

o 

48 

.98498 

4.60 

2.19 

3. 

72 

.984215 

4.89 

.^9 

4. 

96 

.98337 

5.22 

.33 

5. 

120 

.98297 

5.405 

.185 

0. 

144 

.98277 

5.500 

.095 

7. 

168 

.9826 

YEA8T. 

5.575 

.075 

So, 
1. 

Houn*. 
i 

Xo.  cells  in  .02 
1.9 

c,  mm. 

Increase  per  day, 

2. 

24 

36.5 

34.6 

3. 

48 

56.6 

19.1 

4. 

72 

74.8 

19.2 

5. 

96 

95.6 

20.8 

6. 

120 

107.1 

11.5 

7. 

144 

112.6 

5.5 

8. 

168 

118.2 

5.6 

95 

The  table  shows  clearly  that  as  the  yeast  cells  increased  in  number  the  quan- 
tity of  alcohol  also  increased  in  a  nearly  corresponding  degree,  so  that,  taking  the 
results  at  the  end  of  twenty-four  hours,  there  is  a  direct  ratio  between  the  two. 
During  the  first  twelve  hours  this  does  not  hold  good,  as  during  approximately 
that  period  there  is  a  large  growth  of  yeast,  but  no  apparent  fermentation,  as  is 
evidenced  by  the  lack  of  gas  given  off.  For  this  reason  the  time  between  the 
** pitching,"  or  inoculation  of  the  wort,  and  the  beginning  of  active  fermentation 
is  called  the  '* incubation"  period. 

Thanks  are  due  to  Mr.  W.  H.  Test  for  assistance  rendered  in  the  work. 


The  Circulation   of   Protoplasm  in  the  Manubrium   of  Chara— Chara 

FRACiiLis.    By  D.  W.  Dennis. 

About  the  middle  of  May  last  Mr.  Omer  Davis,  a  student  in  the  Biological 
Laboratory,  at  Earlham,  while  studying  the  fertilization  of  Chara  Fragilis  noticed 
that  the  nucleus  of  the  manubrium  traveled  rapidly  around  the  periphery  of  the 
cell,  with  the  circulating  protoplasm.  The  phenomenon  was  subsequently  noticed 
by  all  the  members  of  a  class  of  eighteen,  and  the  attention  of  many  other  persons 
was  called  to  it,  some  of  whom  were  familiar  with  many  of  the  phenomena  of 
moving  protoplasm  in  the  leaves  of  Chara,  the  stamen  hairs  of  Tradescantia  and 
in  other  stock  illustrations,  it  astonished  all  alilce.  The  circuits  of  the  nucleus 
were  timed  by  Mr.  Davis  and  myself,  and  found  to  range  from  15,  when  the 
phenomenon  was  first  noticed,  to  26,  something  like  a  half  hour  later  in  a  minute. 

The  circuit  of  this  particular  cell  was  not  measured,  but  a  measurement  of  a 
large  number  of  cells  later  convinces  me  that  it  could  not  have  been  less  than 
five-eighteenths  of  a  mm.  This  gives  a  rate  of  7.2  millimeters  in  a  minute,  or  more 
than  four  times  as  fast  as  the  fastest  rate  given  in  Goodale's  Physiological  Botany' 
for  protoplasm  in  a  closed  cell.  I  reported  these  facts  to  Prof.  Barnes,  who  said 
they  were,  so  far  as  he  could  learn,  entirely  new,  and  he  asked  me  to  prepare  the 
matter  for  publication  in  the  **  Botanical  Gazette."  Early  ni  June  I  began  what  I 
hoped  to  make  an  exhaustive  study  of  the  phenomenon  for  this  purpose,  but 
could  not  find  a  single  case  in  which  the  motion  was  going  forward.  Disintegra- 
tion had  taken  place  in  most  of  the  cells,  and  in  all  the  motion  had  stopped.  The 
phenomenon  seems,  therefore,  to  be  one  connected  with  the  growth  and  matura- 
tion of  the  cell  in  which  it  occurs.  All  I  can  say  is  that  next  May  we  shall  per- 
mit  nothing  to  interfere  with  the  most    exhaustive   study  we  can  give  to   the 
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phenoraenon.  The  observation  requires  no  skill  except  what  is  necessary  to  tini! 
the  male  organs  of  reproduction  at  the  right  time,  and  crush  thciu  under  the 
coverglass  and  recognize  the  manubrium.  Jf  nothing  else  conies  of  it  it  can  not 
fail  to  add  one,  and  that  one  the  most  striking  and  one  of  the  most  easily  attain* 
able  of  all,  to  the  stock  illustrations  of  the  circulation  of  protoplasm. 


Fungicides  for  the  Prf.vention  of  Corn  Smit.     By  Wm.  Stuart. 

During;  the  present  century  the  disease  of  the  corn  popularly  known  as  "<t»m 
smut"  (  L>/i7«</o  se/'-mav",  [T)C.li  Wint.)  has  engaged  the  attention  of  some  of  its 
most  eminent  botanists.  It  has  only  been  within  the  last  half  ai  the  present 
century  that  the  life  history  of  the  fungus  has  been  well  understocxl.  ^Vhen  we 
consider  that  -corn  is  the  principal  cereal  crop  of  America,  it  is  not  to  be  won- 
dered at  that  any  fungus  disease  causing  it  much  apparent  injury  shoui<l  arouse  a 
desire  on  the  part  of  investigators  to  devise  some  means  of  preventing  it. 

The  successful  treatment  of  the  smuts  of  wheat  and  oats  bv  disinfection  of  the 
seed,  either  by  hot  water  or  ehemical  solutions,  naturally  turned  the  attention  of 
Experiment  Station  workers  to  employing  the  same  remedies  for  the  smut  of  corn. 
The  experiments  of  Arthur,^  of  Indiana,  Kellerman  and  Swingle, ^  of  Kansas, 
and  those  of  Pannnel  and  Stewart,^  of  Iowa,  are  perhaps  the  most  notew<»rthy. 
These  experiments  included  the  disinfection  of  the  seeil  by  hot  water  and  chem- 
ical solutions;  the  attempted  infection  of  the  seed  by  rolling  in  the  sp(.>res  of  the 
smut;  and  the  spraying  of  the  plants  with  fungicides,  the  latter  experiment  being 
conducted  by  the  Kansas  Experiment  Station^  in  1890.  The  results  of  all  these 
experiments  were  of  a  negative  character,  due  to  the  faet  that  the  fungus  plant  of 
the  corn  smut,  unlike  that  of  wheat  an<l  o:its,  can  enter  any  young  growing  tissue 
of  the  host,  while  in  the  last  two  mentioned  it  can  onlv  enter  the  host  when  it  is 
very  young.  This  point  has  been  ably  demonstrated  by  Krefebl,''  wlm.  l>y  a  long 
series  of  carefully  conducted  experiments,  showed  conclusively  that  the  j^enoinat- 
ing   spore«.  or  coni<lia,   are  capable  of    penetrating   any  p(»rtion    of    llu'    young 
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prowinjr  tissiic  of  the  host.  It  would  therefore  follow  that  the  growing  corn 
plants  are  susceptible  to  infection  during  the  greater  part  of  their  grr>wth,  or 
until  the  fertilization  of  the  pistils. 

Kealieinjr  the  importance  of  a<%certaining  some  method  for  the  prevention  of 
thesnuit.  the  botanical  department  of  the  Indiana  Experiment  Station  undertook, 
(luring  the  }>ai<t  season  (1895),  to  carry  out  an  experiment  having  aR  its  main 
object  the  spraying:  of  the  plants  with  the  bcHt  known  fungicides.  A  portion  of 
one  of  the  Station  cornfields  was  set  aside  for  the  experiment.  In  order  to  avoid 
any  possibility  of  infection  through  smutted  seed,  a  portion  of  the  seed  was 
treated  with  a  copper  sulphate  solution,  another  with  an  ammoniacal  copper  car- 
bonate solution,  and  a  third  with  hot  water,  wlrile  a  fourth  portion  was  infected 
with  jLrerminating  smut  spores.  The  experimental  plat  was  divided  into  five 
sections,  as  folbiws: 

Si'ction  1.     Seed  untreated. 

Siotion  II.     Seed  treated  with  copper  sulphate  solution  one-half  hour. 

Seed  treated   with   auimoniacal  copper  carbonate  solution  one 


Section  I II 
hour. 

SiH'tion  IV 
Sectittn  \'. 


Seed  treated  with  hot  water  at  60°  C.  for  five  minutes. 
Seed  dipped  in  a  nutrient  solution  containing  germinating  smut 


spores. 

The  plat  was  planted  May  18th,  and  on  June  8th  when  the  plants  were  about 
six  inches  high,  two  cross  sections  containing  five  rows  each  were  sprayed  by 
means  of  a  knapsack  sprayer,  the  one  with  Bordeaux  mixture  and  the  other  with 
ammoniacal  copper  carbonate.  This  divided  the  plat  into  twenty-five  lesser  oniw, 
as  will  be  seen  by  the  following  diagram: 
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The  strength  of  the  Bordeaux  solution  consisted  of  six  pounds  of  coppi*r  sul- 
phate, four  |)ounds  of  lime  and  fifty  gallons  of  water,  while  that  of  the  ammoni- 
acal  copper  carbonate  consisted  of  one  ounce  of  copper  carbonate  dissolved  in 
ammonia  and  dilutetl  with  nine  gallons  of  water.  The  latter  solution  proved  too 
strong,  some  of  the  plants  showing  considerable  injury  two  days  afterwards. 
Subsequent  sprayings  were  made  with  a  much  weaker  solution. 

The  plats  were  sprayed  quite  frequently  during  June.  In  July,  owing  to  the 
absence  of  the  writer  during  the  early  part  of  the  month,  and  fre<iuent  showers 
during  the  middle  part  of  it,  the  sprayings  were  somewhat  interrupted.  The  par- 
tial failure  of  the  fungicides  in  completely  preventing  the  smut  may  be  largely 
attributed  to  these  facts : 

On  July  20th  some  injury  to  the  plants  from  the  Bordeaux  was  noted,  and  for 
the  remaining  sprayings  the  strength  of  the  solution  was  reduced  one-third.  The 
•last  spraying  was  made  August  14th,  the  plants  being  then  supposed  to  be  too 
mature  for  infection. 

The  dates  of  spraying  were  as  follows; 


Bordeaux. 


Ammoniacal  Copper 
Carbonate. 


June    8 

June  13 
June  17 

June  21 
June  27 
July  ") 
Julv  "20 

• 

Julv  25 
August    3 
August  14 


June  8 
June  12 
June  i:t 
June  17 
June  li» 
June  21 
June  27 
Julv  o 
Julv  20 

• 

July  2.') 
August     3 
August  14 


Just  previous  to  harvesting  the  crop  a  careful  rci'ord  of  the  number  of  smutted 
stalks  was  made  and  gave  the  following  percentages  of  smutted  stalks: 

Unsprsiyed  phmts 1.S.37  per  rent. 

Those  sprayed  with  liordeaux 3.83  per  cent. 

Those  sprayed  with  ammoniacal  copper  carbonate,  6.72  per  rent. 
It  will  be  readily  seen  fr<»m  the  above  figures  that  there  is  a  marke<l  diflerence 
in  the  amount  of  smut  between  the  sprayed  and  unsprayed  plats. 
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Sl'MMARY. 


The  results  of  this  experiment  show  conclusively: 

That  the  R)r(leaux  mixture,  properly  applied  to  the  plants  during  their  period 
of  growth,  does  materially  lessen  the  smut. 

That  the  ammoniacal  copper  carbonate  was  not  as  effective  as  the  Bordeaux 
in  preventing  the  smut. 

That  fre<|nent  applications  of  the  fungiciclcs  are  necessary  during  the  growing 
perio<i  of  the  plant  in  order  to  be  effective. 


A    Nkw    Station     for    Pleodorika   Cai.ifornica    8ha\v.      By    Severasck 

BrRRA<iK. 

r)uring  ail  investigation  of  the  sanitary  condition  of  the  Wabash  and  Erie 
Canal  as  it  runs  through  Lafayette,  made  in  the  laboratories  at  Purdue  in  Sep- 
tember of  the  present  year,  Pieodorina  was  found  in  considerable  abundance  in 
the  canal  water.  This  comparatively  new  member  of  the  Votrox  family  was  first 
described  by  Walter  R.  Shaw,  of  Leland  Stanford  University,  who  found  the 
plant  in  a  ditch  in  Palo  Alto  in  September,  1893  (  **  Botanical  Gazette,"  Vol.  19, 
p.  279).  Since  then  D.  M.  Mottier  has  reported  it  in  Bloomington,  Indiana, 
in  May,  1894,  and  Messrs.  Clinton  and  Burrill  in  Havana,  Illinois  ('*  Botanical 
Gazette,"  Vol.  19,  p.  383  ),  in  June  of  the  same  year.  It  is  now  possible  to  add 
another  station  in  Indiana,  namely,  Lafayette. 

The  microscopical  examinations  were  made  according  to  the  Sedgwick- Rafter 
method,  which  has  been  used  for  several  years  by  the  Massachusetts  State  Board 
of  Health  in  the  enumeration  of  microscopical  organisms,  exclusive  of  bacteria, 
in  water  suppliefa.  The  average  number  of  Pieodorina  in  one  cubic  centimeter  of 
the  canal  water  was  four.  The  census  of  other  organisms  found  in  the  same  sam- 
ples included,  on  the  vegetable  side,  Ilydrodiction^  Chara^  and  Spiroffyroy  too  large 
and  abundant  to  enumerate;  Diatoms^  per  cubic  centimeter,  eight;  Omllaria^ 
fifty-six  ;  Anabaemiy  three;  Scenfdesmm^y  one;  ProtococettH,  eight;  Crenothrii,  ten; 
Pandorina,  one;  7nM  hyphaty  three;  and,  on  the  animal  side,  principally  infus- 
oria, as  Peridiniitmy  two  hundred  and  ninety-six;  Mona^y  four;  Trachelominuu, 
three;  Dinobryon,  three;  and  a  few  Rotifera  and  Acarina.  The  water  was  «juite 
turbid,  and  had  the  general  appearance  of  dilute  sewage,  and  in  fact  ihe  water  of 
the  canal  was  evidently  polluted.  This  shows  the  nature  iA  the  water  in  which 
Pieodorina  seems  to  Hourish  in  Lafayette,  and  also  many  of  its  conipanions. 
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But,  atiide  from  the  interest  attached  to  this  new  genus  of  the  Volntcnnae  from 
the  botanical  point  of  view,  it  may  be  found  to  have  important  relations  to  odors 
and  tastes  in  water  supplies,  when  it  will  become  the  enemy  of  engineers  and 
water  commissioners,  as  other  members  of  this  group  have  done  before.  For  ex- 
ample, Volvox  ylobator  has  caused  much  trouble  in  Rochester,  N.  Y.,  by  imparting 
a  disagreeable  fishy  odor  to  the  city  water  supply,  and  in  Massachusetts  Pnmhrina 
and  Eudorina  have  caused  similar  troubles  on  a  smaller  scale.  Piodorina,  com- 
ing as  it  does  between  Volvox  and  Ewhnna  in  the  classification,  may  be  looked 
upon  with  suspicion  in  this  re8|>ect,  if  it  ever  infects  a  water  supply  in  a  hutticient 
quantity.  On  account  of  the  filthy  condition  of  the  canal  water  in  which  it  was 
found  in  Lafayette,  and  the  number  of  other  forms  growing  with  it.  no  idea  could 
be  formed  as  to  the  nature  of  the  odor,  if  any,  of  Pleodorina. 


Forms  of  Xanthium   Canadense  and  X.  strumahium.       By  J.  (     Arthir. 

In  the  absence  of  the  author  the  outline  of  the  paper  was  presented  by  Mr. 
Wm.  Stuart  and  photographs  of  the  tw<)  sjvecies  were  shown.  The  speiii's  in  their 
most  typical  forms  <liflcr  widely  in  the  outline  of  the  leaf  and  chnracter  and  size 
of  the  burs.  A'.  Cunndense  has  a  flowing  aul)-entire  outline  to  the  leaf,  and  large, 
strongly  hispid  fruit  covered  thickly  with  prickles,  while  A',  'tfrumuriiiw  has  den- 
tate leaves  and  smaller  glabrous  fruit  with  fewer  prickles.  All  gr;nlations  exist 
between  the  two  types,  due  possildy  to  hybridization. 


NoTF>  ON  Wood  Shrink agk.     15y  M.  .1.  (ioLPKN. 

The  increase  or  diminution  in  size  oi  :i  piece  of  wood.  <hie  tn  it-*  pos-iossion  of 
a  greater  or  le*s  amount  of  moisture,  is  well  known,  a>  is  also  the  lart  that  this 
change  in  size  may  be  accompanied  by  the  expenditure  of  a  great  ileal  of  force. 
If  an  unseasoned  piece  of  wood  has  two  side^  fastened  rigidly  so  tjint  it  can  not 
shrink  across  the  grain,  and  then  be  expose<l  to  a  current  of  c«»mparativcly  dry 
air,  it  will  very  soon  break,  the  break  being  in  the  direction  of  the  [eni::th  of  the 
cells  of  which  the  wood  fibers  are  composed;  or  if  a  piece  of  dry  wood  be  con- 
fined rigidly  to  prevent  any  increase  in  size  and  then  be  saturated  with  moisture. 
it  will  tend  to  swell  and  the  force  will  be  sutlicient  to  crush  the  fihers  wIktc  thev 
are  in  contact  with  whatever  confines  them. 


101 

This  chan^  in  size  oocurd  across  the  grain  of  the  wood,  or  across  the  cells  of 
which  it  is  composed,  and  only  to  a  slight  degree  in  the  direction  of  their  length. 

Some  pieces  of  unaeasoned  poplar  had  iron  bars  ten  inches  long  placed  be- 
tween the  projecting  ends  to  prevent  the  ends  coming  any  nearer  together,  and 
were  then  allowed  to  remain  in  the  conditions  of  ordinary  workshop  atmosphere 
until  they  broke,  which  they  did  in  the  average  time  of  four  hours  after  adjust- 
ment. 

A  number  of  tests  made  in  a  testing  machine  showed  that  a  force  of  about 
370  pounds  to  the  sqnare  inch  was  required  to  break  them. 

Trials  made  with  other  wood  gave  corresponding  results ;  in  a  few  hours  each 
piece  broke,  the  force  required  to  break  it  depending  on  the  kind  of  wood.  In 
some  cases  the  force  was  over  600  pounds  to  the  square  inch. 

A  microscopic  examination  of  sections  made  from  some  of  the  pieces  after 
they  had  been  allowed  to  dry,  showed,  first,  a  loss  of  the  contained  moisture,  and, 
as  the  drying  continued,  in  some  cases  what  seemed  a  shriveling  of  the  tissues  of 
the  side  walls. 

An  examination,  previously  made,  of  the  cell  walls  of  some  wood  that  had 
been  in  a  dry  place  during  some  years  showed  a  disintegration  of  the  tissue,  the 
cell  walls  having  a  rough  and  fibrous  appearnnite. 

In  order'to  rerord  any  microscopic  change  taking  place  in  the  cell  walls,  two 
se<>tions,  one  a  transverse  and  the  other  a  longitudinal  radial  one,  were  made  from 
u  freshly  cut  branch  of  PinuM  ntyluealrU  and  mounteil  dry  under  cover  glasses. 
They  were  iihotographed  at  intervals  and  records  made  of  changes  occurring  in 
tliem.  The  uioisture  first  dried  out,  the  cells  in  transverse  section  becoming 
ttlightly  less  in  size.  After  a  few  days  when  the  moisture  had  dried  from  between 
the  walls,  the  greater  change  seemed  to  take  phu^e  in  the  longitudinal  section,  the 
walls  of  which  began  to  shrivel  slightly.  This  change  continued  for  some  weeks 
in  a  con«ituntly  lessening  degree,  however. 


102 


Botanical  Liter'aturk  in  the  State  Library.     By  John  S.  Wright. 

As  a  member  oi  the  Academy  Committee  on  the  State  Library,  sometime 
ago  I  made  a  list  of  the  works  in  that  institution  which  are  upon  botany  and  re- 
lated subjects.  The  number  of  such  books  is  small,  the  authorities  who  have  in 
charge  the  purchases  are  inclined  to  increase  the  collection  in  lines  of  literature, 
biography  and  history  rather  than  science.  While  it  may  be  true  that  those  who 
most  use  the  library  have  greatest  use  for  works  of  that  nature,  yet  the  State 
Library  should  also  be  the  repository  of  the  standard  and  best  works  in  the  va- 
rious departments  of  science,  especially  of  the  larger  and  more  exi)en8ive  sets 
which  are  often  beyond  the  purse  of  the  individual  worker. 

In  talking  over  this  matter  with  the  })resent  Librarian  and  her  predecessor 
each  expresse<l  a  desire  to  make  the  sections  ol  botany  ancl  other  sections  of  sci- 
entific works  what  they  should  be.  They  also  said  that  they  would  l>e  glad  of 
any  suggestions,  from  those  competent,  as  to  additional  purchases.  In  accord- 
ance with  this  wish  about  two  years  ago  I  prepared  a  circular  letter  addressed  to 
the  professors  of  botany  in  the  several  colleges  of  the  Slate.  This  letter  contained 
a  list  of  the  main  botanical  works  then  in  the  Library,  and  a  request  that  they  wonld 
recommend  such  others  as  they  thought  it  should  contain,  giving  the  name  of  the 
publisher,  place  and  date  of  publication  and  cost  of  each  work  so  recommended. 
Nearly  every  one  to  whom  a  letter  was  addressed  responded,  and  from  these  let- 
ters a  list  of  books  wai*  compiled  and  recommended  to  the  State  Librarian  for  pur- 
chase, each  one  of  which  was  accompanied  by  the  name  of  the  person  or  persons 
requesting  its  purchase  and  the  other  data  mentioned.  Since  that  time,  however, 
the  Library  has  changed  management,  has  been  thoroughly  overhauled  and  re- 
arranged, s<»  the  purchases  asked  for  have  not  bc^n  marie.  The  present  Librarian, 
however,  is  ijuite  favorable  to  the  improvement  of  the  Library  in  this  respect  and 
1  believe  that  it  is  only  necessary  to  bring  a  little  inHuence  to  bear  upon  other 
library  officials  in  order  t<»  secure  to  the  Library  a  creditable  number  of  botanical 
works  of  reference.  While  it  will  be  impossible  to  withdraw  books  from  the  State- 
house,  the  establishment  of  such  a  collection  slumld.  nevertheless,  be  of  interest 
to  botanists  of  the  State. 

LIST   OK    WORKS    IN    STATK    LIRRARV    OX    HOT  ANY    ANI>    RKLATEO   8i:iWl«Xn^. 

An  accurate  davsification  c<»uld  not  well  be  ma<le;  many  pamphlets  on  di- 
verse subjects  are  Ijound  together  in  one  volume,  and  other  works  are  general  in 
character,  not  falling  wholly  under  any  single  division. 


103 

Agi'icuUure — 

1.  How  Crops  Feed,  S.  W.  Johnsou,  1882. 

2.  How  Crops  Grow,  S.  W.  Johnson,  1888. 

3.  Resena  sobre  el  cultive  de  algunas  plantas  industriales  que  se  explo  tan 

sou  suscepttibles  oc  ezplotarse,  J.  C.  Sequra,  1844. 

4.  Sugar  Cane,  the  Nature  and  Property  of,  Geo.  R.  Porter,  18431 

Botany,  General  Works  on — 

British  Wild  Flowers  in  Relation  to  Insects,  Sir  John  Lubbook,  1882. 

Chronological  History  of  Plants,  Chas.  Pickering,  1878. 

Desmids  of  the  United  States,  Francis  Wolle,  1884. 

Dictionary  of  Economic  Plants,  John  Smith,  1882. 

Encyclopedia  of  Plants,  J.  C.  Loudon,  1841. 

Ferns  of  North  America,  D.  C.  Eaton. 

Ferns  of  North  America,  Native  and  Foreign,  D.  J.  Browne,  1846. 

Flora  America  Septebtrionalis.  Frederick  Pursh,  2  vols.,  1S(U. 

Floral  Stuctures,  Origin  of,  <^eo.  Ilenslow,  188S. 

Flowers  and  Ferni>  of  the  United  States,  Native  and  Foreign,  Thos.  Meehan, 

188-. 
Flowers,  Fruits  and  Leaves.  Sir  John  Lubbock,  188r). 
Flowers,  How  to  Know  the  Wild  Flowers,  Mrs.  Wm.  Starr  Dana,  189.'>. 
Fungi,  Their  Nature  and  Tses,  M.  ('.  Cooke,  1830. 
(renera  of  the  Plants  ol  the  I'nited  States,  Gray  &  Sprague.  1849. 
Genera  Plantarum.  3  vols,  oi  7  parts,  Benthan  &  Hooker.  1862. 
Geological  History  of  Plants,  Sir  Wm.  Dawson,  1888. 
Manual  of  Botany  of  North  America,  Amos  Eaton,  183(3. 
Manual  of  Botany  of  Northern  United  States,  Asa  Gray,  184S. 
Manual  of  Flora  of  the  Rocky  Mountains,  J.  M.  Coulter,  1885. 
Manual  of  Flora  of  Southern  United  States,  Chapman,  18.Sl». 
Origin  of  Cultivatt'd  Plants.  Alphonse  lleCandolle,  1885. 
Pamphlets  on  Botany  (boun<l  in  one  volume) — 

Fern  List  of  I'nited  States,  Eat<m. 

Plants  of  United  States,  Horace  Mann. 

l^'orests  and  Forestry  of  Sweden,  C.  C.  Andrews. 

Duty  of  Preserving  Forests,  F.  A.  Hough. 

Medicinal  Plants  of  United  States,  A.  C.  Clapp. 

El  Algedoners,  Donato,  ( Jutierrez. 

Development  of  Cork  Wings,  Emily  Gregory. 

Woody  Plants  of  Ohio,  J.  A.  Warder. 
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Plants  of  Michigan,  Wheeler  &  Smith. 

Physiology  of  Plants,  J.  Von  Sachs,  1887. 

Plants  of  Boston  and  Vicinity  (Florula  Bostoiiieusis),  Jacob  Bigelow,  1824. 

Plants  of  North  America,  The,  Frederick  Pursfh,  1816. 

Plants  of  the  United  States,  (ieo.  Putnam,  1840. 
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MicRO:*(  OPE  Slides   of  Vk<;etable    Material    for   Use   in   Determinative 
Work.     By  John  S.  Wright. 

In  the  determination  of  plants  it  is  frequently  necessary,  or  at  least  desirable, 
to  make  examinations  of  various  organs  with  the  aid  of  a  lens.  Seed  markings, 
glandular  structures  and  many  portions  of  the  flower  upon  which  determinations 
are  partly  based  may  be  so  minute  as  to  necessitate  slight  magnification  for  satis- 
factory* work.  For  example  we  have  in  the  Euphorbias  and  Lchelias  many  species 
in  which  the  seeds  are  to  the  naked  eye  mere  granules,  but  under  a  hand  lens 
their  surfaces  are  seen  to  be  decidedly  marked  with  irregular  ridges  and  pits,  or 
are  handsomely  sculptured.  Many  leaves  contain  glandular  structures,  or  are 
covered  with  hairs  or  scales  which  can  be  best  seen  under  the  lens.  In  determin- 
ing specimens  on  which  such  structures  exist  and  are  of  value  in  classification,  it 
is  often  desirable  to  compare  them  with  like  material  from  well  determined  her- 
barium specimens.  Commonly  the  material  for  these  comparisons  is  dug  out  of 
or  cut  off  the  herbarium  specimen   as  it  is  needed  from  time  to  time  and  placed 
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loosely  under  the  lens  for  examination,  and  after  it  has  served  the  purpose  of  the 
moment  is  brushed  aside  and  lost,  or  at  best  preserved  in  packets  upon  the  sheet 
with  the  specimen  from  which  it  was  taken.  This  method  is  mussy  and  eventnallj 
impairs  the  mounted  specimens  of  an  herbarium,  and  where  there  are  many 
workers  it  is  not  economical  of  time.  To  avoid  this  is  quite  practicable  through 
the  preservation  of  all  such  materials  dry  in  cells  upon  glass  slips  as  opaciue 
mounts  for  the  microscope.  The  cells  are  built  by  gluing  to  the  glass  slips 
brass  ring-,  and  the  specimens  are  enclosed  by  cementing  to  the  top  of  this  ring 
the  ordinary  circular  cover  glass.  The  method  of  building  this  form  of  cell  was 
suggested  by  Dr.  Griffiths  some  years  ago  and  is  quite  familiar.  A  cell  of  this 
form  will  not  accommodate  leaves  and  some  other  plant  structures  as  well  as  an- 
other form  of  cell,  which  is  made  by  gluing  a  rectangular  frame  cut  from  cardboard 
to  the  glass  slip.  A  cell  of  this  construction  will  contain  small  leaves  entire  or 
the  tip  and  basal  portions  of  larger  leaves,  which  can  be  viewed  from  either  side. 
A  cell  of  this  type  must  be  enclosed  by  a  rectangular  cover  glass.  A  supply  of 
slips,  upon  which  cells  of  various  sizes  have  been  built,  may  easily  be  kept  on 
hand,  and  whenever  it  becomes  necessary  to  remove  from  an  herbarium  specimen 
material  for  examination,  it  may  be  placed  in  a  cell  in  manner  best  adapted  for 
its  display,  labeled,  and  you  have  at  once,  at  very  small  exi^ense,  a  slide  of  veg- 
etable material  which  will  be  ready  for  use  at  any  future  time;  and,  if  such  a 
collection  of  slides  is  properly  classified  and  arranged,  it  forms  a  working  ad- 
junct to  the  herbarium  of  much  value,  and,  besides,  provides  one  constantly  with 
available  material  for  numbers  of  demonstrations  in  botanical  work. 


ILkma(;i.obin  and  Its  Derivative-:.      By  A.  J.  Bi(»ney. 

On  subjecting  a  dilute  solution  of  arterial  blood  to  spectroscopic  examination, 
certain  parts  of  the  spectrum  of  natural  or  artificial  light  will  be  absorl)ed.  The 
amount  of  this  depends  upon  the  degree  of  concentration  of  the  blood;  if  a  one 
per  cent,  or  two  per  cent,  solution  be  used,  two  narrow  dark  bands  are  seen  in  the 
orange-yellow  between  the  Frauenhofer  lines  D  and  E,  the  one  next  to  E  being  a 
wider,  but  not  so  deep  a  band  as  the  one  next  to  D.  A  little  of  the  red  is  absorbed 
and  the  violet,  indigo,  and  a  part  of  the  blue.  This  is  the  spectrum  of  Oxy.-Htrm- 
oglobin. 

If  arterial  blood  or  venous  blood  which  has  been  shaken  with  air  be  treated 
with  some  reducing  agent  such  as  ammonium  sulphide  or  alkaline  iron  sulphate 
with  tartaric  acid,  a  decided  change  occurs  in  the  spectrum,  instead  of  the  two 
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bands  only  one  appears,  which  is  between  the  two  lines  of  Oxy,'Haanoglob%ny  and  is 
much  broader  than  either  of  the  bands  mentioaed  above.  This  is  the  spectrum  of 
reduced  Oxy.-Hirmoglobin  or  simply  Htrmoglobin, 

METH.eMOOLOBTN. 

The  spectrum  of  Methfmoglobin  is  obtained  by  first  preparing  Oxy.-Hcemoglobin 
crystals  by  treating  dog's  blood  with  ether  and  shaking  it  until  it  becomes  laky, 
then  allowing  it  to  stand  in  a  cool  place  for  an  hour  or  so,  at  which  time  a  firm 
mass  will  be  formed,  due  to  the  crystals.  The  mother  liquor  is  separated  from 
the  crystals  by  filtering  through  muslin  or  linen,  squeezing  the  mass  so  as  to  ob> 
tain  the  crystals  in  as  pure  a  form  as  possible.  The  crystals  are  dissolved  in  dis- 
tilled water  and  a  dilute  solution  is  examined  with  the  spectroscope.  The  two 
bands  of  Oxy.-Hinmoglobin  appear.  A  few  drops  of  potassium  permanganate  are 
added  and  the  solution  gently  warmed.  If  sufficient  time  has  elapsed  for  the  ox- 
idaticm  of  the  Ojry.-H«jnnoglobin,  the  two  bands  will  have  disappeared  and  instead  a 
single  band  in  the  red  near  the  line  ('  between  C  and  D.  Nearly  the  entire  spec- 
trum is  absorbed.  Sometimes  it  is  a  little  difficult  to  get  this  band,  but  if  the  ox- 
idation has  taken  place  it  will  be  seen.  In  the  experiment  at  hand  I  left  the  so- 
lution until  the  next  day  before  it  would  give  the  above  result. 

CARBON-MONOXIDE   H.KMOOLOBIN. 

If  coal  gas  be  passed  through  blood  which  has  been  defibrinated,  it  will  as- 
sume a  cherry-re<l  color,  the  carbon-monoxide  of  the  gas  having  driven  off'  the 
oxygen  of  the  Oxy.- Hemoglobin  and  taken  its  place.  The  reducing  agents  have  no 
infiuence  upon  this  new  substance,  it  being  more  stable  than  Oxy.-H(rmoglobin. 
The  two  absorption  bands  are  nearer  to  E  than  in  the  Oxy,- Hfrmoglobin  spectrum. 

H^MATIN. 

The  red  corpuscles  are  composed  of  a  proteid  stroma  and  a  brownish  pigment 
which  is  called  htematin.  The  iron  is  a  part  of  the  ha^matin.  It  can  be  ol)tained 
either  as  the  acid  ha>matin  or  the  alkaline  ha>matin. 

In  making  the  acid  luiematin,  I  took  100  cc.  of  95  per  cent,  alcohol  and  added 
2  cc.  of  sulphuric  acid,  and  then  10  cc.  of  blood;  the  mixture  was  boiled  for  about 
an  hour  in  a  flask  tube  three  or  four  feet  long  sO  that  the  vapor  passing  off"  would 
be  condensed  in  upper  part  of  the  tube  and  flow  back  into  the  flask. 

During  this  process  a  precipitate  is  formed  which  is  acid  h^ematin.  The  so- 
lution is  filtered  and  the  precipitate  is  dissolved  in  alcohol  and  then  examined 
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Since  the  precipitate  is  soluble  in  alcohol,  that  which  is  obtained  by  filtering  dqet 
not  represent  all  the  hR*matin,  for  a  part  would  be  dissolved  while  boiling.  The 
spectrum  has  one  broad  band  near  C.  Most  of  the  remaining  portion  of  the 
spectrum  is  also  absorbed. 

If  95  per  cent,  alcohol  be  added  to  blood  and  a  small  quantity  of  caustic  soda, 
a  still  different  spectrum  is  obtained.  This  is  the  alkaline  htt*matin  si)ectrura.  It 
is  similar  to  the  acid  htematin  except  the  dark  band  is  near  and  often  on  D. 


Effect  of  Heat  Upon  the  Irritability  of  Muscle.     By  A.  J.  Bioney. 

In  these  experiments  the  gastrocneinious  muscle  of  the  frog  was  used.  It  was 
suspended  in  a  moist  chamber  and  the  tendon  attached  to  a  lever  for  recording 
movements  in  contraction  on  a  revolving  drum.  Surrounding  the  cylindrical 
moist  chamber  was  another  similar  cylinder  filled  with  water;  near  the  bottom 
was  a  small  tube  about  one-half  inch  in  diameter  passing  from  it  at  right  angles 
and  forming  two  sides  of  a  rectangle,  returned  to  the  cylinder  filled  with  water. 
By  this  arrangement  the  water  could  make  a  circuit  through  this  tube  and  the 
cylinder.  Heat  was  applied  to  the  tube,  and  a  thermometer  was  placed  in  the 
moist  chamber. 

The  muscle  was  stimulated  at  difl^erent  temperatures  and  the  result  recorded 
on  the  drum.  Only  making  sliocks  were  used  in  stimulation,  this  being  regulated 
by  the  automatic  maker,  or  breaker.  Between  36°  and  38°  C,  the  contractions 
were  the  greatest,  showing  an  increase  in  irritability.  Between  39°  and  40°  the 
contractions  ceased,  heat  rigor  having  set  in.  At  the  time  the  contractions  ceased, 
the  temperature  was  lowered  and  the  muscle  became  irritable  again.  It  would 
continue  irritable  for  some  time,  but  would  soon  become  exhausted.  After  several 
hours'  rest  it  would  become  <|uite  irritable  again. 

Heat  rigor  began  to  set  in  at  a  little  more  than  3H°,  sometimes  not  until 
nearly  31*°.  It  is  different  in  difTerent  frogs  and  in  different  seasons.  From  45°  to 
65°  C.  the  rigor  would  usually  be  complete.  The  most  important  point  to  be  secured 
is  that  temperature  at  which  contractions  cease  and  still  when  the  temperature  is 
lowered  the  muscle  will  be  found  to  be  alive  so  as  to  give  contractions.  When 
the  heat  rigor  would  once  begin,  it  would  continue  even  if  the  temperature  is 
lowered.  This  holds  true  only  for  a  few  degrees.  Long  rest  would  allow  it  to 
pass  out  of  rigor  if  it  had  not  gone  too  far.  After  at  least  24  hours  had  elapsed 
good  contractions  were  obtained,  and  this  with  muscle  that  had  once  been  ex- 
hausted. 
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A  Rf.vision  and  Synonymy  of  the  Parvus  Group  of  Tnionid.*:.     (With 
Six  Plates.)     By*  R.  Ellsworth  Call. 

Thi'  type  of  this  group  is  a  small  unionine  bivalve  from  the  Fox  river, 
Wisconsin,  collected  by  Mr.  H.  R.  Schoolcraft,  while  engaged  in  work  on  the 
Northwest  Expedition,  of  the  early  part  of  the  present  century.  The  type  wa» 
described  by  Mr.  D.  II.  Barnes,  in  182  J,  in  the  following  words:* 

"Shell  oblong-ovate,  small,  convex,  sides  rounded;  beaks  slightly  elevated, 
inside  pearly  white,  iridescent.     '''     *     ^     * 

"Diameter,  .85— .525;  length,  .4-  .<>;  breath,  .75 — 1.2. 

"Shell  rather  thin,  beaks  placed  about  one-fourth  of  the  length  from  the 
posterior  extremity,  ligament  very  narrow,  anterior  lunule  distinct  and  oKsoletely 
ribbed;  baval  margin  slightly  shortened;  epidermis  brownish;  an  obtuse,  slightly 
elevated  rib  from  the  beaks  to  the  anterior  basal  margin;  lateral  tooth  rectilinear 
rounded  at  the  end,  and  parallel  to  the  base;  nacre  very  brilliant." 

Mr.  Barnes  completes  his  diagnosis  of  this  form  with  the  remark  that  it  is 
"the  smallest  and  most  beautiful  of  all  the  genus  yet  discovered  in  America." 

In  geo>^raphic  distribution  this  small  mollusk  ranges  from  Western  New  York 
antl  Florida,  to  Minnesota,  Texas  and  Arkansas.  In  this  wide  range  there  are 
numerous  <liverse  environmental  conditions,  and  the  species  ap})ear8,  in  a  definite 
sense,  to  have  responded  to  these,  and  thus  have  been  produced  a  number  of 
variations,  which  passing  through  the  hands  of  different  naturalists,  have  been 
elevated  into  specific  rank.  In  some  cases,  indicated  below,  the  sexes  have  been 
made  to  serve  as  the  basis  of  new  species;  full  series  c(>llected  over  the  wide  area 
of  distribution  conHrm  the  following  synonymy,  in  which  the  geographic  distri- 
bution of  several  of  the  forms  conveys  its  own  argument: 
tl'Nio  I'ARvrs  Barnes. 

Am.  .I(»ur.  of  Sci  and  Arts,  1st  series.  Vol.  vi,  18J.*>,  p.  274,  Fig.  18;  Lea 
fi^'ures  the  animal  in  .Jour.  Phila.  Acad.  Nat.  Sci.,  2d  series,  Vol.  iv,  PI.  xxix, 
Figs.  102,  102a;  Conrad,  Monography  of  Fnio,  1836,  PI.  ix,  Fig.  1;  Reeve, 
(  onchoiogia  Iconica,  Vol.  xvi,  Unio  PI.  xxxv,  Fig.  18H,  a  very  poor  figure 
from  a  specimen  in  the  Museum  Cuming.     (PI.  i.  Figs.  1-3.) 

rnio  imuliis  Lea.  Trans.  Am.  Philos.  Soc,  Vol.  viii,  1840,  p.  213,  PI.  xv, 
Fig.  2?).     From  the  ("hattahoochee  river,  (ieorgia.     (PI.  ii.  Figs.  11-1.3.) 

rnio  minor  Lea.  Trans.  Am.  Philos.  Soc,  Vol.  ix,  1843,  p.  27(),  PI.  xxxix, 
Fig.  3.     From  I^akes  M(mroe  and  George,  Florida. 


'■'  Ainorican  Jour,  of  8«'i.,  Ist  Ser.,  Vol.  VI,  Nt».2,  p.  274,  pl.  13,  ti»r.  IX,  ovtfine  only. 

t  The  pliite  refercneep  in  parentheses  are  to  tlie  ^■everal  plates  aecompanyinjr  Oiis  artiele 
The  .«oxe«  are  indieated  on  the  plates. 
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Unto  marginin  I^ea.     Jour.  Acad.  Nat.  Sci.  Phila.,  2d  series,  Vol.  vi,  p.  255, 

1868,  PI.  xxxi,  Fig.  69.     From  Dougherty  county,  Georgia.     (PI.  ii,  Figs.  7-9.) 

Unio  coninus  I>ea.     Jour.  Acad.  Nat.  Sci.  Phila.,  2d  series,  Vol.  vi,  1868, 

p.  310,  PI.  xlviii,  Fig.  123.     From  Flint  river,  (reorgia,  and  Neuse  river,  North 

Carolina.     (PI.  i.  Figs.  4-6.) 

Unio  ve^iiculari«  Lea.  Jour.  Acad.  Nat.  Sci.  Phila.,  2d  series.  Vol.  viii, 
1874,  p.  37,  PI.  xii,  Fig.  34.  From  Lake  Ocheechohee,  Florida.  (PI.  v,  Figs. 
35-37.) 

So  few  of  the  uuimals  of  the  Uttionidce  have  been  described  that  it  inav  not 
be  superfluous  to  give  at  this  place  a  description  of  the  animal  of  (Into  parruts 
(plate  ii,  fig.  10),  based  upon  the  examination  of  a  fresh  specimen  from  the  Des 
Moines  river  in  Central  Iowa.  ' 

Animal  of  Unio  parvus.  Color  of  the  mass,  whitish  ;  tentacular  [portion  of 
mantle,  dark  brown,  ending  in  a  caruncle;  labial  palps,  lar^e,  white,  triangular, 
united  at  base  snd  partially  so  over  the  posterior  margin;  external  ctenidium, 
smaller  than  the  internal,  thicker  and  larger  at  the  posterior  extremity,  which  is 
rounded,  and  on  the  margin,  which  is  marked  by  a  double  row  of  minute,  white 
papillae;  cteni<lia  united  above  throughout  their  entire  lenj^th,  free  lielow ;  in- 
ternal ctenidium,  white,  ovate. 

The  mjiss  of  the  animal  within  the  cavity  of  the  beak  is  light  brown  owin^  to 
the  color  of  the  larije  liver  which  shows  through  the  thin  tissues  separating  it 
from  the  chamber  of  the  ctenidia. 

The  chief  anatomical  pe(;uliarity  is  the  presence  of  the  atniucle  in  the  feuuile. 
This  is  somewhat  separated  from  the  main  tentacular  mass  and  is  supported  by  a 
slender  pedicel.     Its  function  is  unknown. 

To  complete  the  history  of  this  species  the  following  redescription  of  the 
shell  of  Unio  parrf/.s  is  presented,  based  upon  specimens  collected  in  tlie  Wabash 
River,  Indiana : 

Shelly  small,  compressed,  rather  thin,  elliptical,  nmnded  anteriorly  and 
slightly  thicker,  posteriorly  triangulate  in  the  male  and  occasionally  snlcate  in 
the  female,  thinner;  u mbonal  H\o\}e  somewhat  depreR.*<ed  ;  umhoiWA  rather  promi- 
nent, with  four  to  five  coarse  undulations;  epidennisy  thin,  olive-green  over  most 
of  disk,  but  much  lighter  on  the  umbones,  striate,  especially  over  the  middle  disk 
thence  to  the  margin  ;  in  the  young  two  broadening  green  bands  often  extend  from 
the  umbones  over  the  posterior  slope  to  the  posterior  margin,  otherwise  eradiate; 
li{fanienl  small,  light  brown  in  color,  thin,  rather  long,  but  very  narrow;  hintfe  teeth 
small,  all  double  in  the  left  and  single  in  the  right  valve,  the  ciirdinaU  erect,  thin, 
lamellar,  acuminate,  crenulate,   sep-arating,    the  laterals  long,  lamellar,   straight. 
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siuooth,  forming  a  very  obtuse  angle  with  the  cardinals ;  arUd-ior  adductor  ciecUrices 
diHtinct,  deep,  that  of  the  protractor  pedis  very  small ;  posterior  adductor  cicatrix 
scarcely  evident,  confluent;  pallial  line  distinct  for  the  anterior  two-thirds  ;  dorsal 
cictitriees  irregularly  grouped  in  the  rather  large  cavity  of  the  beaks,  minute; 
nacre  white,  iridescent  posteriorly. 

Ijciigth.  Height,  Width. 

No.  1.     42.00  mm.  26.00  mm.  23.00  mm.    Female. 

No.  2.     36.30  mm.  27.57  mm.  19.25  ram.    Female. 

No.  3.  *3«.10  mm.  18.00  mm.  14.60  mm.    Male. 

UnIO  TEXASENSIfi  Lea. 

Proo.  Acad.  Nat.  Sci.  Phila,  Vol.  ix,  p.  84,  1857;  .lour.  Acad.  Nat.  8ci. 
Phila.,  Vol.  iv,  pp.  357,  359,  362,  Pi.  Ixi,  Fig.  184,  1860;  Observations  on  the 
Genus  rnio,  Vol.  viii,  p.  39,  PI.  Ixi,  Fig.  184  (PI.  v.  Figs.  38-40).  Dewitt 
Co.,  Texas. 

Unio  bitirdianuft  LeH.  Proc.  Acad.  Nat.  Sci.  Phila.,  Vol.  ix,  p.  102,  1857; 
Jour.  Acad.  Nat.  Sci.,  Vol.  iv,  pp.  360,  361,  PI.  Ixi,  Fig.  186,  1860;  Observa- 
tions on  the  Genua  Unto,  Vol.  viii,  p.  42,  PI.  Ixi,  Fig.  186  (PI.  vi,  Figs.  41-43). 
Devil's  River,  Texas. 

Uuio  bealii  Lea.  Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  v,  p.  204,  PI.  xxx, 
Fig.  273,  1866;  Observations  on  the  Genus  UniOy  Vol.  ix,  p.  26,  PI.  xxx,  Fig. 
273  (PI.  vi.  Figs.  44-46).     I^on  County  and  Kutersville,  Texas. 

The  conchologic  characters  of  this  form  do  not  widely  vary.  As  may  be  seen 
the  species  only  comes  from  Texas,  and  contiguous  portions  of  I>ouisiana. 

The  following  description  may  assist  in  understanding  the  relation  which 
this  form  sustains  to  the  common  and  widely  distributed  type  of  the  group. 

Shell  small,  very  elliptical,  especially  in  the  female,  compressed  laterally, 
rounded  before,  hiangulate  posteriorly  though  this  character  is  less  marked  in 
the  female,  which  is  somewhat  regularly  rounded,  striate;  valves  rather  thin 
though  somewhat  thickened  anteriorly ;  epidermis  rather  thick,  olive-green,  in 
young  s|K*cimens  with  occasional  rather  broad  greenish  lines  along  the  angles  <)f 
the  posterior  umhonal  slope;  lines  of  growth  numerous,  tine  and  closely  arranged, 
in  old  specimens  often  forming  raised  ridges  along  the  ventral  posterior  margins; 
ligament  long,  smooth,  light  horn  colored  and  shining,  very  narrow;  umbones 
scarcely  j)rorainent,  close  together,  rather  coarsely  undulate,  the  undulations 
being  concentrically    arranged  as   seen    in   young   specimens;  in   the  young  the 

*Thi8  is  a  InrKe  male  !i>p('ciinen  from  the  WMbn^h  Hiver.  Indiniui.  In  it  the  cardinal 
teeth  are  doulde  in  both  rnlret;  the  posterior  rnnlinni  in  the  K-ft  v;il\«*  i^:  cnrveil  ffmiKnl  nnd  is 
very  lonir  ami  tliin,  itj»  edfres  are  sharply  .•«errate. 
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epidermis  over  the  umboneB  is  very  light  or  straw-yellow  in  color;  the  dorsal 
aspect  of  the  posterior  unibonal  slope  is  characterized  by  the  presence  of  tw(» 
rather  indistinct  and  obtuse  angles  which  extend  from  the  amhones  and,  reaching 
the  posterior  margin,  form  the  characteristic  biangulation  seen  in  the  maU?; 
cardinal  teeth  short,  acuminate,  single  in  the  right  and  double  in  the  left  valve, 
the  single  tooth  being  flattened  and  plate-like,  the  double  tootb  somewhat  more 
trigonal  and  heavier,  all  cronulated  on  the  margins;  the  [»osterior  teeth  are  long, 
slightly  curved,  and  lamellar;  plate  between  the  cardinal  and  posterior  teeth 
scarcely  evident;  the  anterior  adductor  cicatrices  are  large,  and  deeply  impressed, 
entirely  distinct  from  that  of  the  protractor  pedh  impression  which  is  <leep  and 
often  pit-like;  the  posterior  cicatrices  are  confluent,  scarcely  evident,  that  of 
the  retractor  pedis  muscle  being  placed  at  extreme  end  of  the  posterior  hiuji^e  teeth; 
dorsal  cicatrices  arranged,  usually,  in  a  line  of  live  or  more  in  the  shallow  cavity 
of  the  umbones,  though  in  an  occasional  speciuien  they  are  grouped  ;  the  pallial 
cicatrix  is  faintly  but  regularly  impressed  throughout  its  entire  length;  nacre 
white,  with  tendencv  to  salmon  in  the  cavitv  of  the  umbones.  beautilullv  irides- 
cent  posteriorly. 

The  four  specimens  on  which  this  diagnosis  is  based  are  from  Lake  (  addo, 
Ix>uisiana.  Their  dimensions  are  the  following,  the  first  being  that  of  a  female; 
comparison  with  the  remaining  three  will  evidence  the  more  compressed  diameter 
of  the  male  shell : 

No.  1.  No.  2.  No.  3,  No.  4. 

'  Ix»ngth 40.00  mm.  36.50  mm.  39.50  mm.  :>S.5()  mm. 

Height 24.00  mm.  20.00  mm.  22  00  mm.  21.50  mm. 

Breadth  ....  18  51  mm.  14.50  mm.  14.50  mm.  i:>.<i(>  mm. 

The  habits  of  this  form  are  quite  similar  to  those  of  the  type  of  the  group. 
It  delights  in  still  water  with  muddy  bottoms,  and  usually  occurs  in  very  great 
numbers  wherever  it  is  found  at  all. 

As  may  be  seen  by  ctuuparing  the  figures  given  in  the  plates,  which  are  copies 
of  lA'a's  original  figures,  this  form  illustrates  the  erection  of  a  sjiecies  name  upon 
characters  that  are  but  an  expression  of  sex. 


*^The  aiiatomy  of  tbi-  animal  ha.«  been  eonsidore"!,  ratlior  than  authority,  in  thi'  tornii- 
iiology  adopted.  Thu?  the  fength  U  the  extreme  distance  from  thr  anterior  to  pojitorior  mnr- 
Rin;  the  heiRht  the  disUinoe  from  liicament  to  the  ventral  mari^in:  the  width  tho  dilstam-e 
measured  by  a  line  drawn  through  the  animal,  transversely,  from  valvo  t"«  vnlve.  This 
appears  both  natural  and  ."Satisfactory.  Say,  Kirtland,  Barne>,Sowerhy  and  others  with  them 
confused  the  anterior  and  po.stcrior  ends;  lica  did  not  make  this  blunder,  hut  made  others 
equally  reasonless.  Thus  the  di.'»tance  from  valve  to  valve  he  call.s  tho  heighth^  as  If  the  nor- 
mal or  |>roper  position  of  the  animal  was  on  one  of  \X^  valves.  Some  latter  writers  appar- 
ently have  such  reverence  for  tliese  blunders  thatthey  still  employ  an  ob.soIete  terminology. 
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Unio  olaks  Lea. 

Trans.  Am.  Philos.  Soc,  Vol.  iv,  p.  82,  PI.  Tiii,  Fig.  12,  1830;  Observa- 
tions on  the  GenuA  Unio,  Vol.  i,  p.  92,  PI.  viii.  Fig.  12.  Ohio  River  (PI.  iii, 
Figs.  14-U)). 

Unio  pnl I UH  Conrad,  Monography  Family  Unionidir^  pp.  100,  101,  Pl.lv, 
Fig.  2,  1836.     Wateree  River,  South  Carolina  (PI.  v,  Figs.  82-34). 

Unio  (p-anulatHs  I>ea.  Proc.  Acad.  Nat.  Si-i.  Phila  ,  Vol.  xiii,  p.  60,  1861; 
.Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  vi,  p.  48,  PI.  xvi,  Fig.  46,  1866;  Observa- 
tions on  the  Genua  Unioy  Vol.  xi,  p.  52,  PI.  xvi.  Fig  40.  Big  Prairie  Creek, 
Alabama  (Pi.  Jv,  Figs.  23-2.')). 

Unio  f/nmanus  Lea.  IVoc.  Acad.  Nat.  8oi.  Phila.,  Vol.  xiii,  p.  40,  1861; 
Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  vi,  p.  49,  PI.  xlx.  Fig.  ")4,  186();  Observa- 
tions on  the  GetiUH  Unio,  Vol.  !H,  p.  5.S,  PI.  xix,  Fig.  54.  Coosa  River,  Ala- 
bama (PI.  iv,  Figs.  2(>-2H). 

Unio  cromirdlii  I^a.  Pixk*.  Acad.  Nat.  Sci.  Phila.,  Vol.  xvii,  p.  81),  1865; 
.Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  vi,  p.  258,  PI.  xxxi,  Fig.  73,  1868;  Obser- 
vations on  the  Genu.^  Unio,  Vol.  xii.  j).  18,  PI.  xxxi,  Fig.  73.  Kiokee  Creek, 
Albany,  (Jeorgia  (PI.  iv,  Figs.  2<»-31 ). 

Tliio  rijliudreUun  Lea.  Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  vi,  j).  308,  PI. 
xlviii.  Fig.  121,  1868;  Observations  on  the  Genus  Unio,  Vol.  xii,  p.  68,  PI. 
xlviii,  Fig.  121.  East  Tennessee,  North  Georgia,  North  Alabama  (PI.  iii, 
Figs.  17-11)). 

Unio  ('ori'tincnliis  Iani.  Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  vi,  p.  314,  PI.  1, 
P^ig.  127,  lHe»S;  Observations  on  the  Geaw<  Unio,  Vol.  xii,  p.  74,  PI.  1,  Fig.  127. 
Swamp  Creek,  Whitfield  County,  Georgia  i  PI.  iii.  Figs.  20-22). 

The  following  conchologic  description  is  based  upon  material  taken  in  the 
AV'hite  Kiver,  Indiana,  where  the  species  attains  its  maximum  develojjmenl,  both 
in  point  of  size  and  abundance. 

Shell  small,  elliptical,  striate,  rather  thick  and  s  ibangulate  posteriorly,  much 
thicker  anteriorly  and  rounded  ;  umbonea  elevated,  coarsidy  undulate,  with  irreg- 
ularly crescent-shaped  folds,  three  or  four  in  number;  epideru)is  rather  thick, 
dark  greenish,  obscurely  radiate  over  the  anterior  portion  of  the  disk,  a  character 
b?st  seen  by  traiismitte<i  light,  somewhat  polished  over  the  iimbonal  slope  and 
generally  glos-y,  lighter  colored  on  the  umbones;  posterior  margin  sulcate  in  the 
female,  dorsal  portion  produced;  litjavient  Hm&\\,  horn-colored,  thin;  both  cardinal 
and  posterior  king*'  teeth  double  in  the  left  and  single  in  the  right  valve,  the  car- 
dinaU  shori,  thick,  heavy,  serrate;  Uiterah  rather  long,  striate,  straight,  lamellar; 
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anterior  adductor  ciccUnces  distinct,  pit-like  and  deep ;  posterior  adductor  cicatrices  shal- 
low, confluent,  that  of  the  retractor  pedi*  muscle  impressed  at  tip  of  the  laterals  and 
below  ;  paUiat  cicatrix  evident,  regularly  impresse^l  and  linear;  dorsal  cicatrices  sev- 
eral, crowded,  in  Ihe  deep  cavity  of  the  umbones  or  on  the  margin  of  the  plate 
joining  the  hinge  teeth;  cavity  oi  the  nmbones  rather  deep;  nacre  purple,  with 
anterior  margin  usually  white,  whole  posterior  region  beautifully  iridescent. 


Xl'MBER. 

Length. 

IlEKiHT. 

Breadth. 

Sex. 

1 

34.40  mm. 
28.00  mm. 
28.50  mm. 
37.10  mm. 
37.56  mm. 
33.00  mm. 
30.28  mm. 
34. <K)  mm. 

22.10  ram. 
20.00  mm. 
20.20  mm. 
22.32  mm. 
23.4#mm. 
21.50  mm. 
20.10  mm. 
22.92  mm. 

19.51  mm. 
16.12  mm. 
17.00  mm. 
17.24  mm. 
18.50  mm. 
16.8K  mm. 
16.50  mm. 
17.10  mm. 

Female, 

•> 

Female. 

3  

Female. 

4 

Male. 

5 

Male. 

6 

Male. 

7 

Female. 

S 

Male. 

Some  interesting  features  connected  with  the  comparative  dimensions  of  the 

sexes  may  he  shown  from  this  table  of  measurements.     If  the  two  longest  males 

37.56                            37.10 
be  selectetl  tlie  ratio  of  length  to  height  is  —  1.60  -f  and =  1.66.     In 


23.44 


37.56 


these  same  shells  the  ratio  of  lenjrth  to  width  is  :is  follows: 


37.10 


2.00  and 


18.50  17.24 

--  2.15. 

A  comparison  of  the  same  <linuMisions  for  the  two  longest  female>  develops 

34.40                          30. 2K 
the    following   ratios:  =  1.55    and 1.50.       Comparing  the    lengths 


22.10 
with  the  widths  the  ratio  established  is 


20.10 
34.40 


30.28 
1.76       and  =  1.83.     The 


19.51  16.50 

ratios  show  that  the  females  are  much  wider  than  the  males,  a  relation  probably 
due  to  the  requirements  of  the  ctenidi'i  of  the  female  shells  when  functioning  as 
gestatory  sacs.  So  marked,  even  to  casual  observation,  are  these  relations  that  it 
is  an  easv  matter  to  select  the  sexes  in  anv  considerable  number  of  shells. 

The  habits  of  Unin  (jlann  are  somewhat  different  from  those  of  Vnio  parnis. 
It  more  commonly  a  fleets  gravelly  be<ls,  in  shallow  running  water.  The  writer 
has  taken  the  corvunrnln«  form  in  great  abundance  in  the  typical  locality,  whence 
it  was  traced  into  nearly  all  the  streams  of  north  <  Jeorgia  and  Alabama,  in  the 
(fulf  drainage.     Tlw  cylindrtHw?  form  is  very  abundant   in  the  smaller  streams  of 
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tM)uth  Tennessee  and  in  the  Black  Warrior  River  of  Alabama.  The  heaviest, 
largest  and  glana  like  forms  from  the  south  occur  in  the  Coosa  River,  a  tributary 
to  the  Alabama,  just  above  Wetumpka.  Similar  shells  were  taken  in  numbers  in 
the  Cahaba  River,  in  Bibb  County,  also  tributary  to  the  Alabama. 

Unio  AMODAi.UM  Lea. 

Observations  on  the  Genus  Unio,  Vol.  IV,  p.  33,  pi.  XXXIX,  tig.  1,  1843, 
from  Lake  George,  Florida ;  Trans.  Am.  Phil.  Soc,  2d  Ser.,  Vol.  IX,  pi.  39,  fig. 
1,  pp.  275,  27t).  See  also  Simpson,  **  Notes  on  Florida  Unionidio,"  Proc.  U.  S. 
Xat.  Mu8.  Vol.  XV,  pi.  LXVII,  fig.  3,  p.  42r.,  1892. 

I'nio  pupyrucem  (>ouId.     Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.   II,  p.  53,  1845. 

Plorida.     Latin  diagnosis;  no  figure. 

■ 

The  following  description  of  rnio  annjdabnn  is  based  upon  excellent  speci- 
mens from  the  original  locality. 

Shell  small,  striute,  somewhat  inflated,  nearly  oval  in  outline,  rounded  be- 
fore, subangular  posteriorly,  viewed  dorsally  the  outline  is  rounded  cuneate  pos- 
terior to  the  umbones,  female  slightly  emarginate  on  the  ventral  border; 
epidermis  striate,  light  straw  colored  over  the  disk,  greenish  to  greenish-yellow 
near  the  ventral  margin,  faintly  rayed  on  the  posterior  dorsal  slope  in  the  manner 
characteristic  of  all  the  parrun  group;  ligament  short,  thin,  light  horn-colored; 
lines  of  growth  distinct,  broad,  and  much  darker  than  the  balance  of  the  disk; 
anterior  or  cardinal  teeth  double  in  the  left  and  single  in  the  right  valve,  though 
an  occasional  specimen  exhibits  a  tendency  to  double  teeth  in  both  valves,  flat- 
tened, plate-like,  crenate;  posterior  teeth  double  in  the  left  and  single  in  the 
right  valve,  long,  lamellar,  straight,  striate,  particularly  toward  the  extremities; 
anterior  cicatrices  distinct,  the  adductor  rather  deeper  or  impressed,  that  of  the 
protractor  pedix  rather  large,  oval,  but  slightly  impressed  ;  posterior  cicatrices  con- 
tinent, scarcely  impressed,  very  iridescent;  cavity  of  the  beaks  rounded  and  shal- 
low, with  a  row  of  pit-like  and  minute  cicatrices  just  under  the  dorsal  plate; 
nacre  white,  pinkish  or  salmon  tinged  towards  the  cavity  of  the  beaks,  beautifully 
iridescent  over  the  entire  posterior  half,  but  the  play  of  iris-like  colors  is  most 
marked  on  the  posterior  margin  beyond  the  pallial  cicatrix,  which  is  very  faintly 
impressed. 

The  average  dimensions  are:  I>ength,  3.1  mm.;  width,  1.22  mm.;  heighth, 
1.82  mm. 

Some  specimens  (►f  this  shell  approach  the  form  of  f  nio  minor  l^ea  in  that  the 
cardinals  are  much  heavier  than  usual  and  the  substance  of  the  shell  is  much 
thicker;  in  these  forms  also  the  posterior  teeth  are  incrassate.     The  tout  erwmbl^ 
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of  this  shell  is  in  no  re8pe<*t  dissimilar  from  forms  of  Unio  parvus  found  in  gravelly 
river  bottoms  in  more  northern  regions,  and  it  is  very  doubtful  if  it  can  maintain 
u  place  in  the  system  as  a  separate  or  distinct  species.  The  species  l>elong8  to  the 
parmm  grouj)  without  a  question,  though  the  specimens  under  examination  are 
eroded  and  do  not  exhibit  the  characteristic  coarse  undulations  nn  the  umlxmes. 
In  all  other  particulars  my  shells  are  typical. 

To  complete  the  history  (»f  these  small  and  difficult  forms  the  original  diag- 
nijses  of  Ijefkj  except  one,  and  Conrad  have  been  tabulated  and  thrown  into  synop- 
tical form  as  follows: 
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ADDITIONAL  NOTE. 


Since  the  work  on  this  group  of  Unios  wa8  completed  I  have  had  the  oppor- 
tunity  to  re-examine  a  carefully  prepared  paper  hj  Mr.  Chas.  T.  Simpson  on  the 
'*  Unionidit*  of  Florida.''  I  must  dissent  from  some  of  the  conclusions  Mr.  Simpson 
reaches,  though  in  the  main  he  is,  beyond  question,  correct.  That  author  places 
r  nio  lepidtiB  Gould  and  T  nio  trosstUus  Lea  in  the  parvus  group.  Both  these  shells 
are  here  out  of  place.  Vnio  trossultu  has  the  fine  concentric  undulations  on  the 
umbones  which  are  so  characteristic  of  many  Unios  typified  by  (^nio  f alias j  Unto 
lienosun  et  cetera.  Both  Lea's  figure  and  his  description  do  not  permit  that  this 
form  go  into  the  present  group.  The  character  of  the  radiation,  as  given  by  Mr. 
Simpson  in  his  very  poor  outline  figure  of  Unio  lepidus  places  it  elsewhere,  for  if 
there  is  any  such  thing  as  a  characteristic  in  the  parvus  group  its  radiation,  when 
present,  is  very  remarkable  and  quite  uniform.  There  is  no  doubt  that  Unio 
troHi<Hl\ii<  and  Unio  lepidus  are  synonyms.  The  paper  of  Mr.  Simpson  is  to  be  com- 
mended as  marking  a  distinct  advance  in  the  study  of  the  southern  representatives 
of  this  great  family.  It  appeared  in  volume  XV  of  the  Proceedings  of  the  United 
States  National  Museum,  1892,  and  should  be  in  the  hands  of  every  student  of 
( ^n  10. 

The  proofs  of  this  article  reached  me  when  consultation  of  my  library  on  one 
or  two  points  suggested  l)y  careful  re-reading  was  impossible.  The  synonymy  of 
Vnio  parnii*  should  have  included  the  following: 

Unio  ningteynnuM  Marsh.  Ephemerally  described  in  the  Joliet  Weekly,  a 
newspaper  of  Illinois,  May,  189L  See  also  the  "Nautilus,'*  Vol.  V,  p.  29;  Simp- 
son, "Notes  on  Florida  L^nionida-,"  Proc.  U.  S.  Nat.  Mus.,  Vol.  XV,  pp.  426, 
427.  pi.  LXVIll,  figs.  4,  5  (1892).  Without  doubt  a  synonym  for  Lea's  C7?tif» 
mai'(jini»,  itself  a  southeastern  representative  of  Unio  parnts. 


Plate  I. 


"Ti.tX.  1.1   ..  C.n.,i.»tJ-t^ 


CALL,  ON  MftVUS  GROUP  Oi 


Plateni 


CALL,  ON  PAAVUS  OnOUP  OF  UNIO. 


Plate  m. 


CALL,  ON  PARVUS  GROUP  OF  UNlO. 


Plate  IV. 


CALL,  ON  PARVUS  SROUP  OF  UNIO. 


PI  ate  V. 


"^\.C.  i.»\,,.  L4;\tl<..  „^ 


C*LL,  ON  PARVUS  QftOUP  OF  UNIO. 


PlateVI. 


CALL,  ON  PARVUI  OROUP  OF  UNIO. 
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The  F18HE8  OF  THE  M1S8OIR1  River  Babin.     Bv  Bartos  W.  Evermann  ani> 

J.  T.   SCOVELL. 

In  1892  and  again  in  1893  I>r.  Evermann  made  extended  investigations  in 
Iowa,  South  Dakota,  Nebraska  and  Wyoming  for  the  purpose  of  selecting  a  site 
for  a  fish-cultural  station  somewhere  in  that  region.  In  1891  he  had  made 
similar  investigations  in  Montana  and  Wyoming  and  primarily  for  the  same 
purpose. 

While  engaged  in  this  work  we  examined  a  great  many  streams  and  made 
large  follections  of  fishes  representing  a  great  many  localities. 

Studying  these  collections  very  naturally  led  to  a  consideration  of  the  entire 
fish-fauna  of  the  Missouri  basin,  and  it  is  with  some  of  the  interesting  features 
of  this  fauna  that  the  j)resent  paper  deals.  Tliat  we  may  understand  more 
clearly  the  distribution  of  the  fishes  a  few  words  concerning  the  characteristic 
features  of  the  basin  may  not  be  out  of  place. 

The  Missouri  River  Bamn.  The  Missouri  is  the  longest  river  in  North 
America.  Its  headwaters  are  among  the  Rocky  Mountains  of  Montana,  Wyoming 
and  Colorado.  At  numerous  places  its  sources  are  but  a  few  miles  from  those  of 
the  Saskatchewan,  the  Columbia  and  the  Colorado.  In  northwestern  Montana 
are  the  souK*es  of  Milk  River  which  are  said  to  be  connected  directlv  with  those 
of  the  Saskatchewan,  while  only  a  few  miles  to  the  westward  the  drainage  is  into 
Flathead  River  and  thence  into  the  Columbia.  In  southwestern  Montana  the 
headwaters  of  the  Big  Hole,  Beaverhead,  Red  Rock  and  Madison  on  one  hand 
closely  approach  those  of  the  Bitter  Root,  Salmon  and  Snake  on  the  other.  In 
northwestern  Wyoming,  just  south  of  the  Yellowstone  National  Park,  the  head- 
waters of  the  Columbia  and  Missouri  actually  unite  in  Two-Ocean  Pa.Hs,  forming 
a  continuous  waterway  from  the  mouth  of  the  Columbia  to  that  of  the  Mississippi.* 

In  Wyoming  the  Sweetwater,  a  tributary  of  the  North  Platte,  and  in  Col- 
orado the  South  Platte,  rise  within  a  few  miles  of  streams  which  are  tributary  to 
the  Colorado  of  the  west. 

The  headwaters  of  these  various  tributary  streams  are  8,000  to  14,000  feet 
above  sea  level.  Gallatin,  Montana,  where  the  Jeflerson,  Madison  and  (rallatin 
rivers  unite  to  from  the  Missouri  proper  is  4,132  feet  altitude,  the  sources  of 
Madison  River  an»  over  S.'$00  feet  above  the  sea,  while  Two-Ocean  Pass  is  about 
8,200  feet. 


For  «i  full  (If.si'iii.tiun  of  tni.-  i>henomcnon  and  ltj<  benrlng  upon  the  distribution  of 
fiFhes  "cc  Kxeruiaiin,  in  Populnr  Science  Monthly,  for  June.  18i«5. 
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The  mouth  of  the  Missoari  River  is  about  400  feet  above  sea  level ;  the  total 
.all  of  this  river  is  over  7,000  feet,  or  3,732  feet  between  Gallatin  and  the 
Mississippi.  The  length  of  the  Missouri  proper  is  given  as  3,000  miles;  add  to 
this  the  length  of  Madison  River  and  we  have  3,230  miles,  which  may  properly  l>e 
regarded  as  the  total  length  of  the  Missouri.  Among  the  important  tributaries  may 
be  named  Miik  River;  JefTerson  Fork,  140  miles;  Gallatin  Fork,  170  miles;  Yellow- 
stone River,  1,100  miles;  Platte  River,  1,250  miles  (including  the  North  Platte); 
and  the  Kansas  River,  900  miles  (including  the  Smoky  Hill  Fork).  The  area 
drained  by  this  great  river  is  given  as  518,000  square  miles.  This  includes  the 
entire  State  of  Nebraska,  all  of  South  Dakota,  except  a  few  square  miles  in  the 
northeast  corner;  nearly  all  of  Montana,  North  Dakota  and  Wyoming,  about 
half  of  Kansas,  more  than  half  of  Missouri,  and  large  parts  of  Iowa  and  Colorado. 

The  Missouri  basin  may  very  properly  be  divided  into  three  parts,  viz.,  the 
western  or  mountainous,  the  middle  or  plains  portion,  and  the  eastern  or  region 
of  deciduous  trees. 

The  mountainous  belt  includes  western  Montana,  northwestern  and  central 
Wyoming,  and  u  small  portion  of  central  Colorado.  This  includes  the  portion 
with  an  altitude  of  about  4,000  feet  or  over,  and  is  the  region  uf  coniferous  for- 
ests and  swift,  clear  and  cold  mountain  streams. 

The  middle  belt  includes  most  of  northern  and  eastern  Montana,  a  part  of 
eastern  Wyoming  and  Colorado,  and,  excepting  a  narrow  strip  along  their  east- 
ern ed^e,  all  of  the  Dakotas,  Nebraska  and  Kansas.  This  is,  in  its  general 
feUiires,  a  broad,  level  plain,  with  slight  irregularities  here  and  there.  It  is  a 
region  without  forests,  and  over  much  of  its  surface  not  much  vegetation  of  any 
kind  is  found.  The  only  timlier  of  any  importance  is  the  narrow  strip  of  cotton- 
woods  and  willows  covering  the  bottom  lands  along  the  streams.  The  western 
and  central  portions  of  this  belt  are  very  barren,  in  places  even  desolate,  particu- 
larly in  the  Had  Lands,  or  Mauvais  Terre  of  South  Dakota,  and  parts  of  North 
Dakota,  Wyoming,  Montana  and  Nebraska.  These  tertiary  beds  are  of  great 
thickness,  usually  full  of  alkali,  and  very  easily  erode*!. 

The  HIack  Ilills  constitute  a  mountainous  island  of  evergreen  forests  and 
beautiful,  clear,  cold  streams  in  this  desert  plain,  but  need  not  concern  us  in  the 
consideration  of  the  basin  as  a  whole.  The  eastern  part  of  this  belt  receives  more 
moisture  and  is  a  typical  prairie  region,  but  its  streams  are  slow,  shallow  and 
shifting,  still  carrying  much  solid  matter  in  suspension  from  the  region  to  the 
westward. 

The  third  or  eastern  l>elt  embraces  a  narrow  strip  along  the  eastern  border  of 
S>nth  Dakota,  Nebraska  and  Kansas,  and  the  portions  of  Iowa  and  Missouri  lying 
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withiu  the  MiAsouri  basin.  This  h  essentially  a  region  covered  with  forests  of 
deciduous  trees.  It  is  true  that  some  parts  of  it  are  prairie,  but  the  soil  contains 
little  or  n<»  alkali,  and  the  small  streams  having  their  rise  in  it  are  fairly  clear 
and  pure. 

In  the  mountains  at  the  headwaters  of  the  various  tributarv  streams  there  is 
an  abundance  of  rainfall  in  summer  and  snow  in  winter;  an  a  rule  the  mountains 
were  originally  heavily  timbered  and  the  moisture  was  therefore  conserved  and 
fed  out  slowly  during  the  season  of  drought.  This  is  still  true  in  general,  but  the 
reckless  destruction  of  the  forests  in  many  places  is  having  its  effect  u|M>n  the 
streams. 

After  leaving  the  mountains  the  tributaries  of  the  Misscmri,  with  scarcely  an 
exception,  enter  the  broad  treeless  plain  of  the  middle  belt.  Here  the  alkali  soil 
erodes  easily,  the  current  becomes  slower,  the  bed  broadens,  the  channel  shifts 
from  vear  to  vear,  and  the  water  becomes  warmer  and  often  of  the  consistency  of 
thin  soup.  This  is  the  cliaracter  of  all  the  larger  streams  as  they  pass  through 
this  middle  belt,  and  the  character  of  the  water  is  the  same  in  all  the  smaller 
streams  which  start  in  this  belt. 

The  Missouri  Uasin  as  a  whole,  however,  is  a  country  whose  soils  erode  with 
unusual  ease  and,  after  getting  out  oi  the  mountains  and  upon  the  plain,  few  of 
the  streams  are  ever  really  clear  The  Missouri  River  is  alwavs  carrying  vast 
amounts  of  solid  matter  in  suspension  and  justly  deserves  the  name  '^  Big  Muddy.'^ 
The  channels  of  the  Missouri  and  all  the  larger  tributaries  are  constantly  chang- 
ing and  shifting  the  beds  of  the  streams. 

THK    FISHEi<  OF  THE   MI88()l'RI    RIVER    IJASIX. 

All  this,  of  course,  has  its  effects  upon  the  tish  fauna  of  this  river  system. 
£ach  of  the  three  belts  possesses  a  fish  fauna  differing  very  materially  in  the 
aggregate  from  that  of  each  of  the  other  belts. 

The  total  number  of  species  and  subspecies  of  fishes  now  recognized  from  the 
entire  Missouri  basin  is  143.  These  are  distributed  among  24  families  and  ()8 
genera.     The  families  with  large  numbers  of  species  are  : 

The  Cyprinitlae,  with  50  species. 

The  Perci<lsc,  with  20  species. 

The  Catostomidae,  with  Ifi  species. 

The  Centrarchidic,  with  12  species. 

The  SiliiridiLS  with  10  speries. 
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Only  10  species  are  characteristic  of  the  western  belt,  the  most  characteristic 
ones  l)eing  the  cnt-throat  trout,  Williamson's  whitefish,  the  blob,  the  grayling,  the 
long-nosed  sucker,  Jordan's  hucker,  and  the  western  dace. 

Only  45  species  are  known  from  North  Dakota,  Montana,  Wyoming  and 
Colorado.  On  the  other  hand,  Missouri  and  the  small  part  of  Iowa  drained  by 
the  Missouri,  furnishes  94  species,  or,  if  we  include  the  narrow  timbered  and 
abundantly  watered  strip  of  eastern  Kansas,  Nebraska  and  South  Dakota,  we  have 
about  100  species  occurring  in  this  eastern  or  lower  belt  of  the  Missouri  Basin. 
The  middle  belt  has  such  characteristic  species  as  PUityuohio  ffracilUy  Hybopgis 
gelidu^,  HyhotfimthoA  nuchalia  evan»\,  and  the  like.  Few  if  any  of  these  are  confined 
to  this  belt,  but  they  probably  all  extend  more  or  less  into  the  lower  and  upper 
belts. 

In  the  lower  portion  of  the  middle  belt  is  found  the  limit  in  the  western 
extension  of  spiny-rayed  fishes.  West  of  the  96th  meridian,  which  is  approxi- 
niatelv  the  eastern  boundary  of  Nebraska  and  the  Dakotas,  not  over  a  dozen 
species  of  spiny-rayed  fishes  are  known  to  occur.  This  fact  becomes  interesting 
when  we  recall  that  a  single  small  creek  in  Indiana  (Bean  Blossom  Creek, 
Monroe  County*',  is  known  to  contain  not  fewer  than  thirty-five  species  of  spiny- 
rayed  fishes,  and  from  the  streams  of  Indiana  alone  we  know  at  least  fifty-one 
species  of  that  group — nearly  as  many  as  the  total  number  of  species  found  in  the 
entire  fish-fauna  of  the  Missouri  basin  west  of  the  98th  meridian. 

In  the  Missouri  itself  and  in  its  larger  tributaries  are  found  such  large  river 
species  as  Polyofion  x^athnla^  Scaphirhytirhujt  platorynchw*,  I.,eptop8  olitKiiis,  Ictulurus 
punciiituf,  species  of  Ictiobiua,  and  the  like;  but  in  the  smaller  streams  Civostommf 
HybogiKithuH  and  Notropis  are  the  principal  genera  represented.  Microptenus, 
PercOj  Lepomis,  and  Ii!theo*4<tma  are  not  rare  on  the  eastern  edge  of  this  region,  but 
they  become  more  and  more  rare  as  we  go  westward  and  very  soon  disappear 
altogether.  Perca  has  not  yet  been  found  west  of  Mitchell,  S.  D.,  9S°  west; 
Micrnpt^'UK  has  not  been  found  west  of  Ravenna,  Neb.,  98°  .'iO''  W.,  and  it  is  not 
likelv  that  it  occurs  naturallv  even  that  far  west. 

Of  the  four  darters  whose  range  extends  farthest  west  in  this  basin,  Bolex)soma 
niyrum  reat-hcs  only  to  Mitchell,  S.  I).,  Hadroptenin  wtpro  to  Ewing,  Neb.,  98°  2(/ 
W.,  Etheonttniut  loime  extends  still  further  west,  having  been  found  by  us  at 
Valentine.  Neb.,  100°  .SO'  W.,  while  BoleichtJiys  eri/w,  a  somewhat  doubtful 
species,  was  found  even  a  little  farther  west  in  North  Dakota. 

The  Khit-hended  Chub  is  pre-eminently  the  characteristic  fish  of  the  shallow, 
alkali  streams  of  the  middle  Missouri  basin,  and  shows  better  than  any  other  the 
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peculiar  bleaching  effect  of  the  alkaline  waters  of  that  region.  The  fishes  are  all 
reduced  to  a  nearly  uniform  pale  or  faded  appearance.  Except  those  found  in 
the  headwaters  above  the  alkali,  they  seem  to  be  almost  wholly  without  pigment 
cells  of  any  kind.  Perhaps  the  most  extreme  case  of  bleaching  is  that  of  Plaiygobio 
gracUiSf  which,  of  all  American  fishes,  seems  to  be  the  one  most  perfectly  adapted 
to  life  in  these  alkaline  streams. 

An  examination  of  the  literature  shows  that  seventy  four  nominal  species 
have  been  described  as  new  from  Missouri  basin  localities.  These  seventy-four 
names  represent  fifty-one  species  as  now  understood,  but  all  but  twenty-eight 
of  the  seventy-four  nominal  species  had  already  been  described,  so  only  twentv- 
eight  of  them  were  really  new.  Indeed,  we  are  inclined  to  think  that  a  little  closer 
investigation  will  show  at  least  eleven  of  these  twenty-eight  to  have  been  not 
new,  so  that  of  the  seventy-four  fishes  which  have  been  described  as  new  from 
the  Missouri  basin  only  seventeen,  or  about  28  per  cent.,  were  really  so. 

TABLE  01  VINO   NAME8  OF    DESCRIRER8    OF   MISSOURI    BASIN    FISHES,    THE   NUMBER 
DESCRIBED   BY   EACH,    AND  THE   NUMBER  OF   EACH   WHICH   STILL   HOLD. 


AUTHORS. 

>o.  ot 

Species 

I>escribed. 

No. 

Which 

Still  Hold. 

Afirassiz 

3 

4 

21 

.S 

1 

4) 

2 
2 

0 

20 

'^ 

4 

1 
"2 

1 
74 

1 

Abbot 

0 

Cope 

8 

^•^^r^ *  • 

Dum^ril 

0 

Evermann 

1 

Evermann  andCox 

o 

Gilbert 

1 

Garman 

1 

Gill 

1 

Girard 

H 

Hav 

0 

Jordan 

1 

Jordan  and  Kverniann 

1 

Meek 

♦> 

Milner 

1 

Total - 

28 
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Recekt  Investigations  Concerning  the  Redfish,  Oncorhynchus  nerka, 
AT  its  Spawning  Grounds  in  Idaho.  By  Barton  W.  Evermann  aud 
J.  T.  Scovell. 

Of  the  130  or  more  families  of  fishes  now  recognized  as  constituting  the  fish- 
faunn  of  North  America,  the  one  of  gieatest  and  most  general  interest  is  the  Sal- 
monidae,  the  family  to  which  belong  the  whitefish,  the  salmon,  and  the  trout. 

Whether  we  consider  beauty  of  form  and  color,  activity,  gaminess,  quality  as 
food,  or  al)undance  and  size  of  individuals,  the  different  members  of  this  family 
stand  easily  with  the  first  among  fishes. 

CVmtined  to  the  north  temperate  and  arctic  regions,  they  abound  wherever 
suitable  waters  are  found.  In  North  America  alone  no  fewer  than  sixty-two 
species  are  found.  Some  of  these  species  are  confined  to  the  smaller  rivers  and 
running  brooks,  entering  lakes  or  the  sea  as  occasion  serves,  but  not  habitually 
doing  so.  Such  are  some  of  the  species  of  trout  of  the  genera  Scdvdinus  and 
Sahno.  Others  again  are  lake  fishes,  approaching  the  shores  or  entering  the  trib- 
utary streams  only  at  spawning  time  and  then  retiring  again  to  deeper  waters. 
These  are  the  whitefishes  and  lake  herrings. 

Then  there  is  another  group  made  up  of  species  that  are  marine  and  anadro- 
mous,  living  and  growing  in  the  sea,  but  entering  fresh  waters  at  spawning  time. 
Such  are  the  five  species  of  salmon  of  our  west  coast. 

From  California  to  northern  Alaska  and  across  to  Kamchatka  are  found 
live  species  of  true  salmon  of  the  genus  OncorhynehuSy  viz.: 

1.  The  Hump-back  salmon,  0.  gorbuseha^ 

2.  The  Dog  salmon,  0.  ibeto, 

3.  The  silver  salmon,  0.  kistUeh^ 

4.  The  Blue-back  salmon,  0.  nerkoy  and 

5.  The  Chinook  salmon,  0.  tsehawytacha. 

The  most  interesting  and  by  far  the  most  important  of  the  live  are  the  Chinook 
and  the  Blue-back ;  and  it  is  to  the  last  of  those  two  species  that  this  paper  is 
devoted. 

In  Kamchatka  and  Alaska  this  species  is  known  as  the  Red  salmon  and  is 
commercially  worth  more  than  all  the  other  salmon  of  Alaska  combined.  It  here 
ranges  in  weight  from  five  to  eight  pounds,  and  in  late  summer  and  early  fall 
they  enter  the  rivers  and  lakes  of  Alaska  in  myriads  at  spawning  time.  In  the 
Columbia  River  it  is  called  the  Blue-back  salmon  and,  next  to  the  Chinook,  is  the 
most  valuable  fish  of  that  river. 
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The  Blue-backs  enter  the  Columbia  along  with  the  Chinooks  early  in  the 
spring,  the  height  of  the  run  being  in  the  month  of  June;  and  the  catch  iii  the 
lower  Columbia  amounts  to  several  hundred  thousand  fish  annually.  Such  as 
escape  the  labyrinth  of  nets,  traps  and  wheels  which  for  miles  literally  fill 
the  lower  Columbia,  pass  on  to  their  spawning  grounds.  We  do  not  yet  know 
just  where  all  their  spawning  grounds  in  the  Columbia  basin  are  located,  but  we 
do  know  that  there  are  important  ones  in  the  inlets  of  Wallowa  I^ke  in  Oregon, 
and  Payette  Lake  and  the  Redfish  Lakes  in  Idaho. 

It  was  not,  however,  until  1894  that  any  naturalist  visited  these  lakes  at  the 
spawning  time  and  made  any  study  of  the  spawning  habits. 

In  September  of  that  year  we  made  a  brief  visit  to  Alturas  and  Pettit  lakes 
and  Big  Payette  Lake,  where  we  found  this  salmon  spawning. 

Big  Payette  Lake  is  situated  near  the  head  of  Payette  River  about  120  miles 
northeast  from  Weiser,  Idaho.  Alturas  and  Pettit  lakes  are  two  of  a  group 
known  as  the  Redfish  Laken,  lying  among  the  eastern  spurs  of  the  Sawtooth 
Mountains,  forty-five  to  seventy-five  miles  northwest  from  Ketchum,  Idaho,  the 
nearest  railroad  station.  These  Redfish  lakes  are  real  I  v  the  headwaters  of  Salmon 
River,  the  principal  tributary  of  the  Snake,  and  their  distance  by  water  from 
the  sea  is  more  than  a  thousand  miles. 

The  investigations  nt  1894  showed  that  the  vicinity  of  those  lakes  afforded 
excellent  facilities  for  studying  the  habits  of  the  salmon  which  spawn  there,  and 
it  was  deei<lcd  to  visit  them  again  in  1895. 

It  should  be  here  stated  that  the  Blue-back  salmon  which  enter  the  Columbia 
River  are  no  longer  known  by  that  name  when  they  reach  their  spawning 
grounds,  but  are  known  as  Redfish.  When  they  enter  the  river  from  the  sea  they 
are  a  clear,  bright  bhu*  above  and  silvery  on  the  sides,  hut  when  they  reach  their 
spawning  grounds  they  have  become  more  or  le*4s  red,  especially  the  males,  which 
are  often  a  bright  s<'arlet  red  on  tin*  back  and  sides,  the  head  heing  a  light  olive- 
green.  At  these  Idaho  lak«*s  two  forms  of  the  Redtish  have  long  been  known  to 
occur,  a  large  form  weighing  four  to  eight  pounds  and  corresponding  to  the 
regular  Blue-backs  taken  in  the  mouth  of  the  Columbia;  the  other  is  a  small 
form  weighing  almost  invariably  a  half  pound  each  and  not  corresponding  to  any 
salmon  ever  taken  in  the  lower  Columbia.  Structurally  it  does  not  appear 
to  diflfer  from  the  large  form  in  anything  except  size,  and  the  two  forms  are 
regarded  as  being  specifically  identical. 

But  a  number  of  questions  concerning  this  fish  were  veiled  in  more  or  less 
obscurity,  among  which  may  be  mentioned  the  t\)llowing: 
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1.  Do  the  Redfish  which  spawn  in  the  inlets  of  the  Idaho  lakeH  really  come 
up  from  the  sea,  and  when  do  they  first  arrive  ? 

2.  During  the  spawning  season  the  Redfish  are  observed  to  have  their  fins 
more  or  less  worn  or  frayed-out  and  to  have  sores  npon  the  body.  Are  these 
mutilations  received  on  the  spawning  grounds,  or  are  they  injuries  incident  to 
the  long  and  perilous  journey  from  the  sea  ? 

3.  What  are  the  habits  of  the  Redfish  during  spawning  time  ? 

4.  What  becomes  of  them  after  done  spawning?  Do  they  return  to  the  sea, 
to  the  lakes,  or  do  thev  all  die  ? 

In  order  to  answer  as  many  of  these  questions  as  possible,  it  became  at  once 
evident  that  an  extended  series  of  observations  at  one  of  the  lakes  would  be 
necessary.  A  camp  was  therefore  established  at  Alturas  Lake  last  summer  on 
July  20,  and  the  observations  begun  then  were  carried  on  continuously  until 
September  24. 

Alturas  Lake  is  situated  at  an  altitude  of  7,200  feet,  between  two  immense 
glacial  moraines  extending  downward  from  the  eastern  spurs  of  the  Sawtooth 
Mountains.  It  is  about  two  miles  long,  four-fifths  of  a  mile  wide,  and  has  a 
niuximum  depth  of  158  feet.  Its  inlet  is  a  small  mountain  stream  about  eight 
miles  long,  and  thirty  feet  wide  at  the  mouth.  The  outlet  of  Alturan  Lake  is 
somewhat  larger,  and  after  flowing  through  Perkins  Lake  (a  small  lake  about 
a  half  mile  below)  enters  Salmon  River  Valley.  After  a  course  of  about  five 
miles  to  the  northeast,  Alturas  outlet  joins  Salmon  River. 

Just  above  the  lake  on  either  side  of  the  inlet  tower  extremely  rugged 
mountains  whose  peaks  are  9,000  to  11,000  feet  above  the  sea,  and  the  scenery  is 
as  wild  as  any  to  be  found  in  America. 

In  order  to  study  the  Redfish  eflectually,  we  set  gill  nets  in  the  outlet  and  in 
the  inlet  and  examined  them  from  day  to  day.  The  nets  in  the  outlet  would  tell 
us  when  the  fish  arrive  from  below  on  their  way  to  the  sjiawning  grounds.  The 
nets  in  the  inlet  would  tell  us  when  the  fish  run  up  out  of  the  lake  to  their 
spawning  beds,  and  also  whether  they  return  to  the  lake  after  done  spawning. 

Without  going  too  much  into  detail,  it  will  suftice  to  say  that  daily  observa- 
tions of  the  lake,  outlet  and  inlet,  were  made,  and  the  nets,  though  not  kept 
continuously  set,  were  so  regulated  as  to  assist  in  solving  as  many  as  possible  of 
the  problems  involved. 

Not  a  single  Redfish  was  ever  caught  in  any  of  the  nets  in  the  outlet.  If  they 
come  up  from  the  sea,  they  had  reached  Alturas  Lake  before  July  20,  when  our 
nets  were  set. 
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On  July  24  foar  small  Ited6sh  were  caught  on  the  net  in  Alturas  inlet,  and  in 
a  daj  or  two  they  were  abundant  in  this  stream.  Evidently,  therefore,  they  had 
entered  the  lake  at  some  date  prior  to  July  20,  and  had  remained  in  it  until  the 
evening  of  July  23  when  they  first  entered  the  inlet. 

Beginning  with  July  23  the  fish  continued  to  enter  the  inlet  until  early  in 
September.  During  this  time  at  least  2,000  Redfish,  only  about  a  dozen  of  which 
were  of  the  large  form,  entered  this  small  creek.  Hundreds  of  these  were  ex- 
amined as  they  were  running  up  into  the  inlet  from  the  lake,  and  not  one  of  them 
showed  any  sores,  frayed-out  fins,  or  mutilations  of  any  kind.  Toward  the  close 
of  the  spawning  season  there  was  scarcely  a  fish  whose  fins  were  not  more  or  less 
worn  out  (frequently  the  caudal  was  entirely  gone)  and  whose  back  or  sides  were 
not  sore.     And  we  were  able  to  see  how  these  mutilations  were  received. 

During  the  spawning  period  there  is  a  rather  definite  pairing  off  of  the  sexes. 
The  spawning  beds  are  usually  in  very  shallow  water  on  a  bottom  of  fine 
gravel  and  sand.  While  spawning,  this  gravel  and  sand  is  moved  about  a  good 
deal  and  made  up  into  so-called  nests,  both  sexes  taking  part  in  the  work.  The 
gravel  is  moved  about  by  the  fish  striking  it  with  the  tail,  or  by  pushing  against 
it  with  the  lower  fins,  or  sometimes  even  with  the  dorsal  fin  and  the  back.  The 
gravel  is  moved  by  a  rapid,  quivering  movement  of  the  body  as  the  fish  swims 
over  the  nest;  then  she  circles  around  down  stream  a  few  feet  and  approaches  the 
nest  to  repeat  the  act  again.  The  male  follows  closely  behind  the  female,  and 
frequently  moves  the  gravel  in  the  same  way. 

The  fish  move  about  to  some  extent  in  the  inlet,  but  there  is  no  evidence  that 
they  ever  try  to  return  to  the  lake.  Our  nets  caught  a  good  many  from  the  upper 
side,  but  they  were  nearly  all  dead  or  dying  fish  which  had  been  carried  down 
by  the  current,  and  were  only  slightly  gilled  or  simply  lodged  against  the  upper 
side  of  the  net.  We  saw  no  evidence  whatever  indicating  any  tendency  to  return 
down  stream,  and  it  is  not  easy  to  believe  that  any  fish,  so  seriously  mutilated  a» 
these  all  are  at  the  end  of  the  spawning  season,  could  survive.  On  September  5  we 
counted  about  1,000  fish  in  Alturas  inlet;  two  weeks  later  all  had  died  but  about 
150,  and  a  week  later  practically  all  had  died. 

We  consider  it,  therefore,  absolutely  proved  that  the  Redfish  which  spawn  in 
the  inlets  of  the  Idaho  lakes  spawn  only  once  and  then  die,  and  that  the  mutila- 
tions are  received  on  the  spawning  beds. 
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A  New  Habitat  for  Gastrophilus.     By  A.  W.  Bittino. 


The  genus  Qastrophilus  contains  two  well  known  species,  OatirophUus  equi 
and  Oiulrophilus  haemorrhoidalif.  These  parasites  are  commonly  known  as  bots 
and  inhabit  the  stomach  and  duodenum  of  the  horse. 

The  life  cycle  is  as  follows :  The  female  deposits  her  e^gs  upon  the  ends  of 
the  hairs  upon  the  fore  limbs  or  some  other  part  of  the  body  that  the  horse 
is  likely  to  touch  with  his  mouth  in  fighting  flies.  The  eggs  hatch  and  the  lid 
breaks  open  to  permit  their  escape  in  from  five  to  fifteen  days.  They  attach 
themselves  to  the  lips  or  tongue  when  the  host  is  fighting  flies  and  soon  find  their 
way  into  the  stomach  or  interior  part  of  the  duodenum.  Here  they  pass  a  period 
of  development  lasting  about  seven  months.  Their  food  consists  of  the  nutri- 
ment found  in  solution  in  the  juices  of  the  stomach.  They  escape  from  the  body 
with  the  excrement,  pass  a  pupa  state  in  the  ground  to  emerge  in  a  short  time  as 
adult. 

The  particular  observation  to  be  recorded  here  is  the  finding  of  this  parasite 
in  the  alveoli  of  the  horse's  teeth. 

Last  September  there  were  an  unusual  number  of  cases  of  caries  of  the  teeth 
at  the  clinics. 

While  extracting  teeth  six  larvae  were  obtained  attached  to  the  tissues  of 
the  teeth  or  alveolar  cavity.  They  were  alive  and  active.  They  were  about  three 
centimeters  from  the  surface  of  the  gums  and  there  was  no  visible  point  for 
entrance. 

The  question  remains  how  did  they  get  to  their  destination  and  how  did 
thev  accommodate  themselves  to  take  nutriment  from  the  blood  when  it  is  believed 
that  they  are  dependent  upon  the  juices  of  the  stomach? 

Are  they  a  factor  in  pro<lucing  caries  of  the  teeth? 


Second  Contribition  to  a  Knowledge  of  Indiana  Mollusc  a.     By  R.  Ells- 
worth Call. 

The  sources  of  information  on  which  the  factfl  stated  in  this  brief  paper  are 
based  ure  various.  No  single  source  has  availed  largely  in  determining  the 
locality  references  that  are  given,  though  the  collection  in  the  Creological  Museum, 
in  the  State  Capitol,  has  furnished  the  greater  number.  All  the  rest  have  been 
contributed  by  specimens  submitted  through  several  gentlemen  practically  inter- 
ested in  the  work  of  the  biological  survey  of  the  State.     For  this  aid  thanks  are 
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due  W.  S.  Blatchley,  State  Geologist;  Dr.  J.  T.  Scoville,  Terre  Haute  High 
School ;  Dr.  C.  H.  Eigenmann,  State  University.  Hloomington ;  Mr.  Harry 
Dodge,  CharleHtoiif  Indiana,  and  Mr.  Charles  Dunn,  Chicago. 

The  specimens  which  have  been  seen  are  mainly  the  most  common  forms. 
In  some  few  cases  thev  have  been  found  to  be  widelv  distributed  over  the  State; 
others  are,  apparently,  confined  to  the  Ohio  and  its  principal  tributary  stream, 
the  Wabash.  North  of  the  divide  that  separates  the  Ohio  and  lake  drainages 
fewer  forms  of  l^nionidn'  occur,  but  the  limmrid  fauna  appears  to  represent  both  an 
increased  number  of  individuals  and  of  species.  The  land  shells  of  the  Ohio 
drainage  are  both  more  abundant  and  varied.  Hut  no  really  final  generalizations 
can  yet  be  ventured  in  the  absence  of  extended  collecting  and  large  numbers  of 
shells — a  condition  which  the  present  activity  of  members  in  this  branch  of  the 
Staters  biological  survey  indicates  to  be  very  remote.  The  facts  collected  for  the 
year  past  are  the  following: 

Land  Mollusc  a. 

Mesodoti  o/6(>/aA/*t^  Say. 

Charleston,  Terre  Haute,  Indianapolis,  New  Albany. 
Me^odon  eluMiu*  Sav. 

Vigo  County,  Indianapolis,  Peru. 
MeaodoH  elevatuus  Say. 

Terre  Haute,  Indianapolis,  Corydon. 
MtBodon  exoUtii^  Binney. 

Vigo  County,  Indianapolis. 
J^eaodon  mullilineatus  Sav. 

Terre  Haute,  Indianapolis. 
Mesodon  profundus  Say. 

Charleston,  Indianapolis,  Terre  Haute. 
MesodoH  thynoides  Say. 

Vigo  County,  Indianapolis,  Charlestr)n. 
Pa*ul4i  alternain  Say. 

Vigo  County,  Charleston. 
Painla  solitaria  Say. 

Vigo  Ojunty,  Charleston. 
Pafula  perspt'Ctini  Say. 

Vigo  County. 
Putula  stri/ttella  Anthony. 

Vigo  County. 
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Zoniks  arboretu  Sav. 

Vigo  Ck)unty,  Bloomington,  CharleHton. 
Zonites  ligerus  Say. 

Vigo  County. 
Zonites  ffularis  Say. 

Charleston. 
Zonites  ftdiginosus  GriHith. 

Gibson  County. 
Triodopsis Jnllax  Say. 

Vigo  County,  Indianapolis. 
Triodopsis  injleeta  Say. 

Charleston,  Vigo  County. 
Triodopsis  appressa  Say. 

Vigo  County,  Indianapolin. 
Triodopsis  pall ia4a  Say. 

Vigo  County. 
Triodopsis  tridentata  Say. 

Charleston,  Vigo  0)unty. 
Tebenopkorus  dornalis  Binney. 

Vigo  County. 
Limax  campesti-U  Binney. 

Vigo  County,  Turkey  Lake. 

The  ''slugs''  or  shell-less  terrestrial  mollusks  of  Indiana  are  hardly  known* 
Very  few  collections  contain  any  representatives.  Inasmuch  as  they  do  not  ap- 
I>eal  to  the  conchologist  and  are  rather  difficult  of  preservation,  requiring  alcoholic 
methods,  they  have  been  neglected.  They  promise  useful  facts  if  particular  at- 
tention is  directed  to  their  systematic  collection.  They  are  to  be  sought  under 
chips,  boards,  logs.  Hat  rocks,  bark,  sidewalks,  in  cellars  and  about  barns  and 
other  outhouses  in  damp  situations.  A  track  of  dried  mucus  will  often  lead  one 
to  their  hiding  place,  if  carefully  traced.  They  should  receive  especial  attention 
from  the  collectors  of  the  survey, 
Stenolrema  monodon  Rackett. 

Vigo  County. 
Stenolrema  hirsutum  Sav. 

Vigo  County, 
Macrocylis  conmva  Say. 

Charleston,  Indianapolis,  Terre  Haute. 
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Suecinea  avara  Say. 

Vigo  County. 
Suecinea  obiiqua  Say. 

Vigo  County. 

FKE8H    WATER  UNIVALYXS. 

Bulinu9  hypnorum  Linnfeus. 

Coffee  Chute,  Gibson  County. 
Limnaa  caperata  Say. 

Vigo  County. 
Limnophysa  humilU  Say. 

Very  abundant  on  marshy  banks  of   the  Ohio,    in  springs  at  New  Albany ; 
found  in  1894  in  myriads. 
Limnophysa  rtfitxa  Say. 

Ponds,  Vigo  County. 
Fhyw.  gyrina  Say. 

Marion  County  ;  probably  found  everywhere  in  the  State;  exceedingly  abund- 
ant in  pools  on  the  Falls  of  the  Ohio. 
Heluoma  tnvolvi9  Say. 

Vigo  County. 
Ptanorbella  eampanukUa  Say. 

Ponds,  Vigo  County ;  Lake  Mazinkuckee. 
Pleurocera  subulare  Lea. 

Wabash  River,  Vigo  County. 
Fluroeera  eanalicu(atum  Sav. 

Very  abundant  on  the  Falls  of  the  Ohio;  on  muddy  banks  of  the  Wabash 
River,  at  Terre  Haute,  occurs  in  myriads.  A  large  number  of  specimens 
were  collected  in  October,  1895,  at  the  last  named  locality,  which  present 
a  wide  range  of  variation,  both  in  the  characteristic  grooving  of  the 
body-whorl  and  in  coloration.  Many  specimens  occurred  without  any 
indication  of  a  groove;  in  others  the  angle,  which  is  found  along  the 
lower  border  of  the  body-whorl,  may  be  sharp,  or  obtuse,  and  is  fre- 
quently thickened  at  intervals,  constituting  a  character  that  makes  a 
number  of  specimens  approximate  Pleurocera  mmnliferum  Lea.  Any  one 
of  a  half  dozen  species  belonging  to  the  pleurocerid  group,  of  which  ea/Mi- 
lic.uhiinm  in  a  type,  nii^ht  be  separated  from  the  material  licfore  nie. 
Many  thousands  of  this  shell   have  been  taken  at  the  Falls  of  the  Ohio 
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opposite  Louisville.     They  present  a  still  wid^r  range  of  yariation,  per- 
haps from  the  character  of  their  habitat.     The  very  wide  range  of  vari- 
ation suggests  some  interesting  synonymic  conclusions  that  it  is  hoped 
will  be  elaborated  during  the  coming  year. 
Ooniobasis  puleheila  Anthony. 

Wabash  River,  Ohio  River  at  the  Falls,  Turkey  Creek. 
Widely   distributed  over  the  State,    and   with    Goniobatii  liveBoena    Menke, 
ranges  farthest  north. 
Goniohasis  livencem  Menke. 

Turkey  Creek,  St.  Joseph  River. 
GoniobaMs  sp. 

A  very  great  quantity  of  these  small  shells  were  collected  by  me  at  the  Falls 
of  the  Ohio  during  the  past  three  years,  but  opportunity  to  work  it  up 
has  not  yet  been  afforded.     As  in  the  pleuroceroid  section,  this  material 
promises  an  abundant  synonymy. 
JLioploj  subcarinata  Say. 

Wabash  River,  Ohio  River. 
Vivipara  iniertexta  Say. 

Wabash  River,  Gibson  County,  Lake  Mazinkuckee. 
Vivipara  conteetaides  Binney. 

Lake  Maxinkuckee,  ponds  along  Wabash  River. 
Campeloma  deeisum  Say. 

St.  Joseph  River,  Lake  Maxinkuckee. 
Ckimpeloma  ponderotttm  Say. 

Ohio  River,  Wabash  River,  ponds  in  Vigo  County. 
Campeloma  rufum  Haldeman. 

St.  Joseph  River. 
Campeloma  mbmlidum  Anthony. 

Peru,  Lake  Maxinkuckee,  W^hite  River. 

The  very  interesting  and  very  difficult  group  of  shells  comprised  in  Campeloma 
is  probably  the  least  understood  and  the  most  abused  of  any  in  the  North 
American  fauna.  At  brief  intervab  some  tyro  arises  to  declare  hb  "  discovery 
that  after  all  there  is  but  one  species,"  etc.,  etc.,  the  latest  of  these  being  a  writer 
in  the  "Proceedings  of  the  Iowa  Academy  of  Sciences."*  In  this  paper  the 
remarkable  suggestion  is  confidently  made  that  "  Mr.  Binney's  disposition  of 
these  forms  is  still  the  best."     Now,  Mr.  Binney  wrote  on  these  mollusks  thirty 

*•  Proc.  Iowa  Acnd.  of  Sciences,  1893  [1894],  p.  108.    Shiinek,  "  Additional  Notes  on  Iowa 
MolluBca." 
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years  ago,  with  poor  and  scanty  materials  at  his  command.  He  succeeded  in 
involving  the  group  in  almost  inextricable  confusion  for  nearly  a  quarter  of  a 
century,  a  result  hardly  to  be  wondered  at  with  paucity  of  material  and  want  of 
familiaritv  with  fresh  water  forms.  So  far  from  the  truth  is  it  that  Mr.  Binnev's 
disposition  of  these  forms  was  wise  that,  without  detracting  a  whit  from  his  well 
earned  reputation  us  a  student  of  our  terret^trial  mollusca,  it  may  be  fairly  stated 
that  had  he  left  the  group  severely  alone  its  limitations  would  sooner  and  better 
be  reached.  As  species  go,  every  form  listed  from  Indiana  is  distinct  and  is 
easily  separable,  no  matter  how  mixed  the  material  may  be.  The  embryonic 
forms  differ;  the  mature  shells  differ;  their  character  is  obvious  to  any  who  will 
carefully  study  extensive  series.  What  the  specific  value  of  certain  forms 
may  eventually  prove  to  be  does  not  in  the  least  affect  the  general  proposition 
that  the  group  is  composed  of  a  number  of  forms  which  must  be  recognized  as 
species.  It  would,  indeed,  be  a  striking  commentary  on  the  acumen  of  American 
conchologists  if,  after  thirty  years,  no  advance  had  been  made  in  this  group.  And 
this  same  writer  accepts  several  undoubted  synonyms  of  the  circumpolar  Valionia 
ptUchella.  Mil  Her,  as  good  species! 

CORBICULAD-K. 

Sphfrium  »ulcaium  Lamarck. 

Ponds,  Vigo  County. 
Sphrnum  utriatinun  Lamarck. 

Turkey  Creek;  Ohio  Hiver;  Ponds,  N'igo  County. 
Sphanrium  traiisvrrsum  Say. 

Abundant  in  th<'  Ohio  at  Charleston. 

L'nionid.e. 

^Anodonfa  edentnla  Sav. 

Ponds,  Vigo  County ;  Bennett's  Creek  ;  Wabash  Kiver ;  Cedar  Creek  ;  St.  Joseph 
River. 
* Anodonta  fenisftatiami.  Lea. 

Bennett's  and  (^al  creeks,  Vigo  County;  Five  Mile  Pond,  Vigo  County;  St. 
Joseph  River. 
AnodoTita  footiana  I^ea. 

Lake  Hamilton  ;  Lake  Maxinkuckee. 


*  All  naiin's  thus  inarkcil  liiivc  luriianti  n*|»rrsfntJitiv««ss  in  the  Stat«?  .MiiPcuiii,  nt  Indian 
apolip. 
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*An(tdonta  grandis  Say. 

Fourteen  Mile  Creek,  CharleKton ;    Lake  Hamilton;  Five  Mile  Pond,  Vigo 
County ;  Raccoon  Creek. 
Anodonta  imhecillis  Say. 

Bennett's  C^reek,  Vigo  County. 
Anodonta  pavonta  I^ea. 

Fond,  near  Terre  Haute;  Bennett's  and  Coal  creeks,  Vigo  County. 
Anodanta  ml  mania  I^a. 

Yellow  Kiver;  Cedar  Creek  ;  St.  Joseph  River. 
^Amtdonta  siiborbieulata  Say. 

Wabaah  River. 
'^ Anodonta  suimjlindracea  Lea. 

Wabash  River ;  Cedar  Crpek. 
Anodonta  undnlata  Sav. 

Laki"  Maxinkuckee. 
Anodonta  wardiuna  l^a. 

Fourteen  Mile  Creek,  Charleston. 
^ Margaritana  calceda  l^a. 

Wabash  Kiver,  "White  River,  Turkey  Lake. 
^ Margaritana  complanaia  Barnes. 

Wabash  River,  White  River,  Ohio  River,  Bruiett's  Creek. 
■'' Margaritana  con/i-agom  Say. 

Wabash  River. 
^' Margaritana  deh\!<cen»  Say. 

Wabash  River,  Ohio  River. 
* Margaritana  deltoidta  I^ea. 

Lake  Maxinkuckee,  St.  Joseph  River. 

This  form  is  a  synonym  of  Margaritana  caiceoia  Lea. 
* Muif/aritana  hildrethiana  l^ea. 

Wabash  River. 
'■Margaritana  marginata  Say. 

Wabash  River,  White  River,  Ohio  River,  St.  Mary's  River. 
*^^ Margaritana  monodonia  Say. 

Ohio  River,  Wabash  River. 

This  shell  was  <lescribed,  in  1830,  from  the  Falls  of  the  Ohio,  by  Mr.  Say,  but 
was  by  him  regarded  as  a  Vnio.  Mr.  I^ea  described  it  the  same  year  as  U7tio 
.'<o/eni/ormii*.  Mr.  Ix'a's  shell  is  given  the  indetinite  locality  "Ohio,"  and  the  shell 
probably  came   from   the  Ohio    Kiver,    near   Cincinnati.      Mr.   Say's    name   has 
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priority,  even  though  it  is  now  recognized  that  the  species  falls  in  MargaritatM 
rather  than  in  Unto. 

In  habit  the  species  resembles  MargariUtna  dehiseens  in  that  it  is  often  deeply 
buried  in  the  gravelly  banks  it  affects,  in  rather  swiftly  flowing  water.     Most 
commonly,  however,  it  may  be  found  buried  deeply  under  large  flat  rocks,  and 
between  clefts  in  rocky  bottoms.     It  is  a  rather  rare  shell  in  collections. 
^Mhrgaritana  rugoM,  Barnes. 

Wabasi)  River,  White  River,  Blue  River,  Fourteen  Mile  Creek. 

*  Unto  (taofnu  Green. 

Wabash  River,  Ohio  River. 

*  Unio  aiatus  Say. 

White  River,  Ohio  Biver,  Wabash  River. 

*  Unio  anodontoides  I^a. 

Wabash  River,  Ohio  River,  Bniisell's  Creek,  Vigo  County. 

*  Unio  anperrimiut  l>?a. 

W^abash  River,  Ohio  River,  at  the  Falls;  this  form  is  equivalent  to  Unio 
lay^hrymoHUs  Lea. 

*  Unio  camelus  Lea. 

Ohio   River;    this   is   an   old   and   heavy  Unio  phaseolu^  of   which    it   is   a 
synomym, 

*  Unio  camptodon  Say. 

W^abash  River,  Ohio  River. 

*  Unio  capax  Green. 

Wabash  River,  Ohio  River. 

*  Unio  cicatricosv*  Say. 

Wabash  River,  Ohio  River. 

*  Unio  circulu*  I^a. 

St.  Mary's  River,  Ohio  River,  Wabash  River,  Peru. 

*  Unio  davus  Lamarck. 

Wabash  River,  very  abundant ;  St.  Joseph  River. 

*  Unio  eoceinev^  Hildreth. 

Wabash  River,  Ohio  River. 

*  Vnio  eooperiannJi  I^a. 

Wabash  River,  Ohio  River. 

*  Unio  rornutm  HarneH. 

Ohio  River,  Wabash  River. 
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*  Unio  crasaidens  Lamarck. 

Wabash  River,  Falls  of  the  Ohio,  abundant. 
**  Unio  cylindricus  Say. 

Ohio  River,  Wabash  River,  White  River. 

These  shells,  as  are  indeed  most  others  from  the  Wabash  River,  are  singularly 
beautiful  and  perfect.  Even  the  largest  and  oldest  examples  present  perfect  um- 
bones,  with  epidermis  and  apical  crenulations  entire.  It  is  rare  indeed  to  find 
these  forms  so  perfect.  Both  this  species  and  Unio  metanervuSj  which  are  charac- 
terized by  peculiar  arrow-shaped  green  color-markings  over  the  whole  disk,  pre- 
sent this  feature  in  singular  beauty.  The  State  Collection,  at  Indianapolis,  con- 
tains several  well-marked  and  beautiful  specimens. 
'  Unio  donaeiformu  I^a. 

Wabash  River,  Ohio  River  at  Falb  of  the  Ohio;  found,  also,  in  collections 
under  the  name  of  XJnio  zigzag  Lea.     The  latter  name  was  given  two 
years  after  Unio  donaciformiB  was  characterized. 
^  Unio  ebenua  Lea. 

Wabash  River,  Ohio  River,  Falls  of  the  Ohio. 
^  Unio  eleganif  Lea, 

Wabash  River,  Ohio  River,  Falls  of  the  Ohio. 
^  Unio  ellipsis  I^ea. 

Wabash  River,  Ohio  River,  Falls  of  the  Ohio,  common. 

*  f'/iio  fabalis  I^a. 

Wabash  River. 

Unin  lapilltuf  Say,  is  a  synonym  of  this  form. 

*  ( ^n  io  fragO)*uSy  Con  rad , 

Wabash  River,  Ohio  River,  W^hite  River. 
'  Unio  gibbo8n«  Barnes. 

Wabash   River,  Sand  Creek,  Ohio  River,  Turkey    Lake,  Lake  Tippecanoe, 
St.  Joseph    River,  Lake   Maxinkuckee,  Falls  of  the  Ohio,  St.    Mary's 
River. 
The  while  and  heavy  variety  of  this  shell,  called  by  Dr.  Lea,  Unio  aretiory 
occurs  somewhat  commonly  in  both  the  Ohio  and  Wabash  rivers. 
^  Unio  giant  Lea. 

Wabash  River,  White  River,  Lake  Maxinkuckee. 
"*  Unio  gracilii(  Barnes. 

Wabash   River,  Ohio  River  on   Falls  of  the  Ohio,  Muscatatiick  Creek,  Jen- 
nings County. 
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*  Unto  graniferus  Lea. 

Wabash  River,  Ohio  River. 

*  Unio  irvi  Lea. 

Wabash  River,  Delaware  River,  Lake  Maxinknckee. 

*  Unio  irrorratus  Lea. 

Wabash  River,  Ohio  River.     Very  abundant,   perfect  and  beaut il'ul  in  the 
Wabash. 
♦Unto  len$  Ijea. 

See  Unio  eirculuttj  of  which  it  is  a  synonym. 

*  Unio  UyamentinuH  Lamarck.  • 

Wabash  River,  Ohio  River,  Yellow  River,  Turkev  Creek,  Delaware  River, 
St.  Joseph  River.  Widely  distributed  over  the  State.  The  most  com- 
mon Unio  of  our  waters,  with  the  possible  exception  of  Utiio  luteofus. 

*  Unio  luteohm  Lamarck. 

Whitewater   River,  White   River,  Wabash    River,  Ohio    River,   St.    Mary's 
River,  Turkey  Creek,  Cedar  Creek,  Fourteen   Mile  Creek,  Charleston ; 
Lake  Maxinkuckee. 
*Unio  metanetTus  Raiinesque. 
Wabash  River,  Ohio  River. 

*  Unio  multipliratus  Lea. 

Wabash  River,  Ohio  River;  a  mud-loving  form  which  reaches  gigantic  size 
in  both  these  streams.     Very  large  and  fine  specimens  are  in  the  State 
collection. 
*Unio  multircLdiatits  lA»a. 

Wabash  River,  White  River,  St.  Joseph  River. 

*  Unio  mytUoidejj  Rafinesque. 

Wabash  River,  Ohio  River. 

*  Unio  nigerritmui  I^ea. 

Wabash  River;  a  single  specimen  is  in  the  State  collection,  labelled  correctly 
as  above — thous^h  the  locality  can  not  be  vouched  for.  Mr.  I^a  described 
the  form  from  Alexandria,  Louisiana.  The  collection  contains  many 
southern  shells  and  1  am  inclined  to  regard  this  locality  reference  as  an 
error  and  to  think  the  shell  should  not  be  reckoned  as  an  liuliana  form. 

*  Unie  obliquus  Lamarck. 

Wabash  River,  Ohio  River;  probably  the  same  form  Rnfinesqiie  called 
mytUoidfs. 
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"*  (  nio  oceidewt  I^a. 

Decatur  County,  Ohio  River,  WabaHh  River,  Falls  of  the  Ohio,  Bennett's 
Creek,  Vigo  County. 

*  llnio  orbiculatus  Hildreth. 

Wabash  River;  Mr.  Lea  later  described  the  female  of  this  species  under  the 
name  of  IJnio  higginaii, 

*  Unio  parvus  Barnes. 

Wabash  River,  Ohio  River,  Creek  at  Greencastle  (Underwood),  Lake  Maxin- 

kuckee. 
Very  large  specimens  of  this  usually  small  shell  are  obtained  in  the  Wabash. 

So  marked  is  their  development  that  they  are  commonly  known  as  ''the 

big  parvus  of  the  Wabash." 

*  Unio  pti-pUiuat  lA»a. 

Wabash  River,   White  River. 

Mr.  Lea  later  twice  described  again  this  form,  once  as  Unio  i^ngianus  and 

then  as  Unio  mmpmnii,  both  the  latter  from  Indiana  waters.     It  has  other 
synonynis,  by  the  same  writer,  in  Tennessee  waters. 

*  Unio  phaseoltui  Barnes. 

W^abash  River,  Ohio  River,  St.  Joseph  River,  Lake  Mazinkuckee,  Fourteen 
Mile  Creek,  near  Charleston. 

*  Unio  plenus  Lea. 

Wabash  River. 

*  Unio  plicatus  Le  Sueur. 

Ohio  River,  Wabash  River. 

This  shell,  widely  distributed,  has  a  number  of  synonyms  which  I  have  else- 
where indicated.!  It  is  also  often  confounded  with  Unio  undulaius 
Barnes,  which  is,  however,  a  markedly  different  shell,  very  much  more 
compressed. 

*  Unio  pressus  Ijea.. 

Sand  Creek,  Decatur  County ;  Bruiett's  Creek,  Vigo  County ;  St.  Joseph 
River,  Lake  Maxinkuckee. 

*  Unio  pnalulatuA  Lea. 

Ohio  River,  Wabash  River,  White  River. 

*  r'iiio  puMufoHvs  Lea. 

Wabash  River,  Ohio  River. 

tSeeTrnnB.St.  TiOuiB  Acad.  Sci.,  Vol.  VII,  No.  1,  pp.  36, 37;  1««. 
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*  Unto  rectus  Lamarck. 

AVabash  River,  Ohio  River,  White  River,  St.  Joseph  River. 

*  Unio  rettt9U8  Lamarck. 

Wabaah  River. 

*  Unio  tidibundua  Say. 

White  River,  Wabash  River. 

*  Unio  rubiffinotms  Lea. 

Ohio  River,  Wabash  River,  Lake  Mazinkuekee. 

*  Unio  i^eains  I  job,. 

Wabash  River,  Ohio  River. 
'*  Unio  fiolidiu  I>ea. 
Wabash  River. 

*  Unio  mibovatwi  Say. 

Wabash  River,  Ohio  River,  White  River. 

*  Unio  subrostrattia  Say. 

Wabash  River,  Lake  Maxinkuckee,  Bruiett's  Creek,  Vigo  County. 
Wrongly  labelled  Unio  nasulu*  in  the  State  collection. 

*  Unio  suIocUv*  I>ea. 

W^hit<»  River,  Marion  County. 

*  Unio  tenui^muA  Lea. 

Wabash  Kiver,  Ohio  River. 

A  specimen  in  the  State  collection  is  labelled  Unio  veilum  Say. 

*  Unio  trinnguiuH)*  Barnes. 

Wabash  River,  White  River. 

*  Unio  trigonim  Lea. 

Wabash  River,  Ohio  River. 
^  Unio  tubercuiatus  Barnes. 

Ohio  River,  F'alls  of  the  Ohio.  Wabash  River. 
*Unio  undidutua  Barnes. 

White  River,  Ohio  River,  Wabash  River,  Bruiett's  Creek,  Vigo  (,'ounty. 

*  Unio  mricoitw*  Lea. 

Ohio  River. 

*  Unio  rentricwuA  Barnes. 

Lake  Maxinkuckee,  St.  .Joseph  River. 

*  Unio  vernicctstm  Barnes. 

Wabash  River,  Ohio  Kiver,  White  River. 

Cincinnati,  Ohio,  IVceml>er  23,  1895. 
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Contributions  to  the  Hioixxjical  Survey  of  Wabash  Ck)UNTY.    By  Albert 

B.  IXREY. 

The  present  paper  is  intended  (1)  to  indicate  tiie  progress  made  during  the 
year  in  listing  the  fauna  and  flora  of  Wabash  County,  and  (2)  to  give  a  sum- 
marized statement  of  the  work  already  done,  thus  placing  the  material  collected 
within  access  of  those  interented  in  special  lines. 

I  have  included  in  these  lists,  with  but  a  few  exceptions,  only  those  forms  of 
which  specimens  were  preserved  : 

I.  The  Fauna  : 

1.  The  list  of  fishes  includes  forty-two  species,  seven  of  which  were  not  noted 
in  the  last  published  report.  I  have  included  in  the  list  the  Brook 
Lamprey  (Ammocostes  branchialis).  Several  specimens  were  taken  in  a 
creek  near  North  Manchester,  about  May  15,  1895. 

2.  Batrachians,  19. 

a.     Salamanders  and  Water  Dog  (  Urodela  and  Proteida)^  10. 
6.     Tailless  Batrachians  {Salientia)^  9. 

3.  Reptiles,  18. 

a.  Snakes  (Ophidia),  11. 

6.  Lizards  (Laeertilia),  1. 

c.  Turtles  ( Testudinata)^  6. 

4.  Birds. 

The  list  of  birds  includes  186  species.  Two  specimens  of  the  Horned 
(jrebe  ( Cdynihus  auritus  L. )  were  taken  along  the  roadside  November  27, 
1H95,  after  a  severe  storm.  This  is  the  first  record  of  the  bird  in  the 
county.  Mr.  W.  O.  Wallace  has  taken  another  specimen  of  the  rare 
Kirtland's  Warbler  (Dendroiea  kirtlandi)  at  W^abash.  It  was  taken  some 
time  in  May,  1895. 

5.  The  mammals  listed  include  about  twenty  species. 

II.  The  Flora: 

Among  Phanerogams  the  list  comprises  about  750  species  represent- 
ing eighty-nine  families.  Only  a  few  of  the  forest  trees  are  included, 
11()  species  of  grasses  and  twenty-three  sedges.  About  400  species  have 
been  added  during  the  year. 

The  Cryptogams  have  not  been  listed,  but  some  valuable  material  has 
been  collected  in  certain  groups,  such  as  the  ferns  and  some  forms  of 
fungi. 
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In  the  collection  of  Dr.  A.  Miller,  of  North  Manchester,  Ind.,  there 
are  probably  175  species  of  parasitic  fungi  and  perhaps  twenty-five 
specks  of  the  Slime  Moulds,  if  I  may,  for  convenience,  still  place  them 
among  the  fungi. 

Nearly  a  complete  list  of  the  Phanerogams  may  be  found  in  the 
herbarium  of  Mr.  John  N.  Jenkins,  North  Manchester,  Ind.,  who  has 
done  valuable  work  in  collecting  these  forms. 


liiRDtJ  OF  Wabash  (.'ointy.     By  Albert  B.  Ulrey  and  William  O.  Wallace^ 

The  present  list  enumerates  188  spei'ies  of  the  birds  of  Wabash  County. 
I'nder  each  species  are  given  notes  concerning  its  abundance  and  in  some  in- 
stances we  have  incorporated  other  observations  which  pertain  to  the  life-history 
of  the  species. 

Most  of  the  work  was  done  at  intervals  during  the  years  1S90  to  1893.  Part 
of  the  observations  were  made  in  the  extreme  northern  portion  of  the  county  in  the 
Eel  River  valley,  near  North  Manchester.  About  an  ecjual  amount  of  work  was 
done  in  the  Wabash  vallev  near  Wabash,  and  some  observations  were  made  nine 
miles  north  of  Lagro  by  Mr.  Orrin  Kidgley. 

We  have  included  in  the  list  only  those  species  identified  by  us,  and  with 
only  a  few  exceptions  skins  of  each  species  have  been  preserved.  We  have  noted 
the  breeding  habits  of  those  species  only  which  came  under  our  own  observation. 
W^e  may  expect  to  find  two  hundred  or  more  birds  within  the  county.  The  list 
is  (juite  complete  in  warblers,  i'ontaining  3<  species,  one  of  them  the  very  rare 
Dendroicn  kirtlandi.  Perhaps  three  more  would  complete  the  list  to  be  found  in 
the  county.  We  shall  probably  find  Protonotaria  citrexi,  HdmitherK^  ititnivorom  and 
Geothlijpin  fonnom.  The  deficiencies  in  our  list  are  mainly  among  the  water  birds. 
Our  only  lar^e  stream,  the  Wabash,  Hows  nearly  eastward  here  and  is  not  rich  in 
migrating;  water  birds.  The  region  in  the  northwestern  part  of  the  county,  con- 
taining numerous  small  lakes,  has  not  contributed  many  species  to  our  list,  be- 
cause only  a  few  of  the  rarer  birds  taken  there  by  the  hunters  have  been  iden- 
tified bv  us. 

The  Wabash  River  flows  in  a  northerly  direction  to  Ix)gansport,  where  it 
bends  abruptly  to  the  east  and  continues  in  this  direction  through  the  county. 
Near  Wal)ash  one  of  the  tributaries  of  the  Wabash  River  flows  nearlv  due  south- 
ward.  A  heavy  growth  of  timber  extends  along  the  stream  northward  some  dis- 
tance from  the  Wabash  and  ends  abruptly  at  a  large  tract  of  land  under  cultiva- 
ti(m.     During  the  spring  migrations  the  birds  collect  in  the  north  edge  of  this 
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woodland  in  great  numbers.  It  seems  that  in  their  northward  migrations  along 
the  Wabash  River  the  birds  attempt  to  follow  the  wooded  region  of  the  smaller 
stream  instead  of  pursuing  the  eastward  course  of  the  Wabash,  and  on  reaching 
the  open  fields  find  themselves  in  a  sort  of  trap.  It  was  at  this  place  that  a  large 
per  cent,  of  the  birds  inhabiting  the  woodland  were  taken. 

1.  Podylimbus  podicepn  Linnseus.  Pied-billed  Grebe.  Rather  common 
migrant. 

2.  CoiymbiM  auritun  L.  Horned  Grebe.  Two  specimens  were  taken  No- 
venil)er  27,  1895,  after  a  severe  storm. 

3.  Urimitor  imber  (iunner.  Loon,  (ireat  Northern  Diver.  Not  infre- 
quently taken  on  the  lakes.  Five  or  six  were  taken  on  the  Wabash  River  near 
Wabash. 

4.  Liirus  nrgentcLius  tmUhHonMnuH  Coues.  American  Herring  Gull.  One 
specimen  taken  us  it  Hew  over  the  house  four  miles  west  of  Wabash.  The  speci- 
men was  taken  by  Mr.  E.  Wright  and  is  now  in  his  possession. 

5.  Lai'wn  pkitadeiphitr.  Ord.  Bonaparte's  Gull.  One  specimen  taken  on 
Lake  Maxinkuckee.     It  will  probably  l)e  taken  here. 

6.  Sterna  forMeri  Nutt.  Forster's  Tern.  Several  specimens  were  taken  on 
Lake  Maxinkuckee. 

7.  Hydrochdidon  nigra  Hiinnamensis  Gmel.  Black  Tern.  Probably  taken 
here.     We  have  a  specimen  from  the  same  place  as  the  last. 

8.  Pkalacrocorax  dihphus  Sw.  and  Rich.  Double-crested  Cormorant.  A 
male  and  female  were  taken  on  Long  Lake,  November  15,  1890. 

9.  Merfjannf-r  americanw  C'assin.  American  Merganser.  Not  uncommon 
migrant  and  winter  rcsi<lent. 

10.  Lophodytes  cucuUatus  Linnn'us.  Hooded  Marganser.  Rare.  Three 
S)>ecimen8  taken. 

11.  AnoA  boAchaff  Linna'us.  Mallard.  Abundant  migrant ;  sometimes  taken 
in  midwinter,  and  three  were  killed  .July  3,  1892,  by  Mr.  K.  Wright.  Hunters 
report  its  breeding,  but  wt^  have  not  observed  it. 

11«.    Amis  of}Hcur(t  (imi'Wn.     Black  Duck.      One  specimen  taken  at  Wabash. 

12.  Ana.'<  discor.^  Linnu-us.  Blue-winged  Teal.  Only  one  specimen.  It 
was  taken  April  15,  1S91. 

13.  Air  uponm  Linnseus.  Wood  Duck.  Abundant  summer  resident.  I 
have  taken  the  young  when  still  unable  to  fly.     Wallace. 

13a.    Spa(ula  rlt/peata  L.     Spoon  Bill.     Only  one  specimen  taken.     Wabash. 

14.  Aythya  ajinis  Eyt.  Lesser  Scaup  Duck.  A  specimen  was  taken  on 
Ixmg  Lake,  November  15,  1890. 


160 

15.  ChariioneUa  albeola  Linnseus.  Butter  Ball.  One  specimen  from  Long 
Lake.     Occasionallj  killed  on  £el  River  by  hunters. 

16.  Branta  eamiuieims  Linnaeus.  Canada  Goose.  One  specimen  taken; 
frequently  seen  migrating. 

17.  (Hot  eolumbianus  Ord.  Whistling  Swan.  One  specimen  taken  No- 
vember 15,  1894,  on  Long  Lake. 

18.  Botaunis  lentigino9tis  Montag.  American  Bittern.  Several  specimens 
known  to  have  been  taken. 

19.  Botaurua  exUu  (Tmelin.  Leust  Bittern.  Two  specimens  taken,  April 
19  and  May  1,  1894. 

20.  Ardea  herodiwit  Linnaeus.  Great  Blue  Heron.  Common  summer 
resident. 

21.  Ardea  egretta  Linnseus.  American  Egret.  A  specimen  taken  just  be- 
yond the  north  line  of  Wabash  County,  in  Kosciusko  County. 

22.  Ardea  virexens  Linnaeus.  Green  Heron.  Abundant  summer  resident. 
Breeds. 

23.  Nycticorax  nycticoraz  nonfiiis  Bodd.  Black-crowned  Night  Heron.  Two 
specimens  taken.     One  at  North  Manchester  and  one  at  Wabash. 

24.  Ballus  rirginianu^  Linnseus.  Virginia  Kail.  One  specimen  taken  at 
Kock  Lake,  in  Fulton  County  just  across  the  line,  September  1,  1894. 

25.  Porzana  Carolina  Linnfeus.  Carolina  Rail.  Not  infrequently  taken 
by  hunters. 

26.  Fuliea  amerieana  Gmel.     American  Coot.     Abundant  migrant. 

27.  Philohela  minor  Gmel.     American  Woodcock.     Not  very  common. 

28.  GaUinago  delicata  Ord.  Wilson's  Snipe.  1  took  a  specimen  January 
1,  1892,  and  the  same  winter  two  were  killed  between  December  25th  and  January 
1  by  a  friend  of  mine.     1  have  seen  them  in  midsummer.     Wallace. 

29.  Tringa  macidata  Vieillot.  Jack  Snipe.  Very  common  during  migra- 
tions, especially  in  September.  It  may  be  found  at  this  time  in  great  abundance 
along  the  Wabash  River  in  company  with  the  Solitary  Tattler  and  Killdeer. 

30.  Tringa  minutilta  Vieillot.  I^ast  Sandpiper.  Rare.  One  specimen 
taken  from  a  flock  of  Solitary  Tattlers,  August  29,  1893. 

31.  Iringa  bairdii  Cones.  Baird's  Sandpiper.  Rare.  Only  one  specimen 
taken.  This  is  apparently  the  only  record  of  the  bird  in  the  State.  [Proc.  Ind. 
Acad.  Sci.  1893,  p.  118]. 

32.  TotanuA  melanoleucua  Gnielin.  Greater  Yellow-legs.  1  have  never 
seen  this  bird  except  on  September  24  and  25,  1893,  when  I  observed  a  number 
along  the  river,  three  of  which  I  shot.     Wallace. 
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33.  Totanus  solUarius  Wilson.  Solitary  Tattler.  Very  common  summer 
resident.     Breeds. 

34.  Bartramia  longieauda  Bechst.  Upland  Plover.  One  specimen  taken 
from  a  flock  of  three. 

35.  ActUis  maeularia  Linnaeus.  Spotted  Sandpiper.  Very  common 
summer  resident.     Breeds- 

36.  JEigialites  vocifera  Linnaeus.  Killdeer.  Abundant  summer  resident. 
Breeds. 

37.  Colinus  virffinianuti  Linnseus.  Bob-white.  Formerly  very  abundant, 
but  much  less  so  since  the  winter  of  1892-3,  when  they  were  destroyed  in  great 
numbers  by  the  severe  cold  and  snow. 

38.  Bonasa  umbellus  Linnaeus.  Pheasant.  Formerly  common,  now 
becoming  rare. 

39.  Tympanuchus  amet^icanus  Keich.  Prairie  Hen.  Occasionally  taken  on 
the  prairie  region  near  Wabash. 

40.  Meleagria  gaUopavo  Linnieus.  Wild  Turkey.  Formerly  common,  now 
probably  extinct.     The  last  one  known  to  have  been  taken  was  in  1880. 

41.  Eciopixtes  migratoriu»  Linnaeus.  Wild  Pigeon.  Formerly  abundant, 
but  none  have  been  seen  recently. 

42.  Zenaidura  maeroura  Linnaeus.  Turtle  Dove.  Very  common  resident. 
Breeds. 

43.  Cathartes  aura  Linnieus.  Turkey  Buzzard.  Abundant  summer  resi- 
dent.    Breeds  in  hollow  logs,  trees,  etc. 

44.  Circtu  hudsonius  Linnaeus.  Marsh  Hawk.  Rather  common  about 
prairie  regions.     Extremely  variable  in  color.     Breeds. 

45.  Accipiter  cooperi  Bonaparte.  Cooper's  Hawk.  Common.  Probably 
our  most  common  injurious  hawk. 

AiS.     Buteoborealis  (rmolin.    Red-tailed  Hawk.    Abundant  resident.     Breeds. 

47.  Buledineatm  Gmelin.     Red-shouldered  Hawk.     One  specimen  taken. 

48.  BiUeolatummns  Wilson.    Broad-winged  Hawk.    Two  specimens  taken. 

49.  Falcospai-vervui  Linnteus.  American  Sparrow  Hawk.  Quite  abundant 
resident     Breeds. 

50.  Strix  pratineola  Bonaparte.  American  Barn  <  )wl.  A  single  specimen 
taken  bv  Mr.  Frank  Bell  at  North  Manchester. 

51.  A^io  irilsonianus  Less.  American  I^ng-eared  Owl.  A  specimen  was 
taken  near  the  north  county  line.     It  is  in  the  collection  of  Mr.  M.  L.  Galbreath. 

52.  Asia  accipUrinis  Pallas.  Short-eared  Owl.  Four  specimens  taken  at 
Wabash  and  one  just  north  of  the  county  line  in  Whitley  County. 
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53.  Symium  nebulomim  Forst.     Barred  Owl.    Quite  abundant  resident. 

54.  Nyetala  cuxuiica  (jmelin.  Saw-whet  Owl.  One  specimen  taken  No- 
vember 20,  1894. 

55.  MegascopB  asio  Linna'us.  Screech  Owl.  Abundant,  both  red  and  gray 
phases. 

5H.  Bubo  virginianua  Omelin.  Oroat  Horned  Owl.  Abundant  resident. 
Breeds. 

57.  Ntfctea  nyeUa  Linna>us.  8n<)\vy  Owl.  A  specimen  of  this  owl  was 
taken  near  Roann,  probably  during  the  winter  of  1891-2,  another  near  North 
Manchester  during  the  winter  of  1893  and  one  in  1894. 

58.  Coccyzuii  ameriramu*  IJnnii'US.  Yellow-billed  Cuckoo.  Abundant  sum- 
mer resident.     Breeds. 

59.  Coccyzus  ei-ythrophthalmw*  Wilson.  Black-billed  Cuckoo.  One  or  two 
specimens  taken.     Perhaps  ruther  common. 

60.  Ceiyle  aieyon  Linmeus.  lilted  Kingfisher.  Abundant  summer  resi- 
dent.    Breeds. 

61.  Dryobaits  viUoaiuf  Linnaeus.     Hairy   Woodpecker.     Abundant  resident. 

62.  Dryohatex  pubeneeruf  Linmi'us.  Downy  Woodpecker.  Abundant  resi- 
dent.    Breeds. 

63.  Sphyrapicu^  ixirtm  LinnaMis.  Yellow-bell ie<i  Woodpecker.  Common 
migrant. 

64.  CeophlffWf  piltalwf  Liuna'us.  Pileated  Woodpecker.  Formerly  com- 
mon, but  none  have  been  seen  recently. 

05.  Melanerpta  erythrocephoLus  Linna'us.  Red-headed  Woodpecker.  Abun- 
dant, some  years  resident.     Breeds. 

66.  Melanerpes  carolinus  Linnjeus.  Red-bellied  Woodpecker.  Abundant 
resident,  more  common  in  winter. 

67.  Colaptts  auralus  Linna'us.     Flicker.     Abundant  resident.     Breeds. 

68.  Autrosiomus  I'oci/ei'tu*  Wilson.  Whip-poor-will.  Abundant  summer 
resident. 

69.  Chordeilen  virginianu*  Omelin.  Night  Hawk.  Common  summer  resi- 
dent, more  common  in  late  summer. 

70.  CfuHura  pelagioa  Linnteus.  Chimney  Swift.  Abundant  summer  resi- 
dent.    Breeds. 

71.  Trochilus  cohibris  Linnieus.  Ruby-throated  Humming-bird.  Common 
summer  resident.  Breeds.  On  May  19,  1894,  two  were  found  dead  after  a  few 
davs  cold  weather. 
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72.  Tyrannuj<  tyranniuf  Linna'U8.  Kingbird.  Very  connuon  summer  resi- 
dent.    Breeds. 

73.  Myiarchm  ainitutt  Linnu'iiK.  ( 'rested  Fly-catcher.  Common  summer 
resident.     Breeds. 

74.  Sayoniis  phwhe  Latham.  PhaOie.  Abundant  summer  resident. 
Breeds. 

75.  Contoptui  virens  LinniiMis.  Wood  Pewee.  Very  common  summer  resi- 
dent.    Breeds. 

7t).  Empidonax  tlanventriH  Baird.  YeUow- bellied  Fly-catcher.  Not  very 
common  migrant. 

77.  Empidonax  acadicun  (rnielin.  Acadian  Fly-catcher.  .\  common  mi- 
grant. 

78.  Empidonnx  minimum  Baird.  l^east  Fly-catclier.  Not  very  common  mi- 
grant. 

79.  Otocorys  alpeMrh  pratirola  Ilensh.  Prairie  Horned  Lark.  Resident. 
Breeds.     More  abundant  during  severe  cold  in  winter. 

80.  Cyanocitta  criitata  Linnteus.  Blue  .Jay.  Abundant  resident.  Very 
destructive  to  young  birds  and  eggs. 

81.  CoiDu^anierieanui  kvxi\.     American  Crow.     Abundant  resident.    Breeds. 

82.  Dolichonyx  oryzivorus  \Ai\m\i\\%.  Bob-o-link.  Summer  resident.  Breeds. 
Formerly  rare  or  wanting.     Becoming  more  common  every  summer. 

83.  Molothrus  oier  Bodd.     Cow  bird.     Abundant  summer  resident. 

84.  i4^'/aiiw  p^cpMir^jw  Linnaeus.  Ked-winged  Blackbird.  Abundant  sum- 
mer resident  breeding  in  swamps. 

85.  SturneUa  mayna  Linnunis.  Meadow  Lark.  Common  summer  resident 
and  often  seen  in  mid-winter.     Breeds. 

86.  Jctfrujf  *pun'uA  Linnunis.  Orchard  Oriole.  Common  summer  resident. 
Breeds. 

87.  Jrterw*  g<dbul(i  Linnteus.  Baltimore  Oriole.  Probably  more  abun- 
dant than  the  last  species.     Breeds. 

88.  Scolecopfuigiii*  rarolinus  Miill.  Rusty  Blackbird.  Rather  common  mi- 
grant. 

89.  QuisciduA  quiscida  trnens  Ridgway.  Crow  Blackbird.  Abundant  sum- 
mer resident,  sometimes  seen  in  mid-winter. 

90.  Coccot/irausteA  r^spertina  Coop.  Kvening  Grosbeak.  Two  pair  were 
taken  just  beyond  the  north  county  line  in  Whitley  County,  one  pair  of  which  is 
in  the  collection  of  Mr.  M.  L.  (Talbreath,  Collamer,  Ind. 
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91.  Carpodaeu8  purpureus  Grael.  Purple  Finch.  Migrant,  not  very  com- 
mon. 

92.  Loxia  eurvirostra  minor  Brehm.  American  Crosbbill.  Two  specimens 
seen  September  11,  1894,  in  the  cemetery  at  Wabash. 

93.  Aeanthtu  iinaria  Linn»us.  Redpoll  Linnet.  Several  flocks  were  seen 
during  the  winter  of  1889-90.  This  is  the  only  time  they  have  been  noted  in  the 
county  except  a  record  of  the  same  date  by  Mr.  D.  C.  Ridgley,  nine  miles  north 
of  Lagro. 

94.  Spinis  tristis  Linnaeus.  American  Goldfinch.  Abundant  resident. 
Breeds. 

95.  Spinus  pinus  Wils.  Pine  Siskin.  One  shot  from  a  flock  of  goldfinches 
which  came  to  feed  on  the  mulleins  in  our  yard  January  10,  1892.     (Wallace.) 

96.  Calcarius  lapponieus  Linnseus.  Lapland  Longspur.  This  bird  was  first 
taken  by  Mr.  Orrin  Ridgley  in  the  fall  of  1891.  At  Wabash  one  was  taken  in 
1892,  and  during  the  winter  of  1893-94  they  were  common,  coming  in  September 
and  remaining  until  March  15.     All  were  in  company  with  Homed  Larks. 

97.  Pooeocies  gramineus  Gmel.  Bay-winged  Bunting.  Very  abundant 
summer  resident. 

98.  Passer  domesticu  Linnseus.  European  House  Sparrow.  *^  English 
Sparrow.''  Very  abundant  resident.  Not  so  abundant  as  in  1892.  A  great  many 
were  destroyed  during  the  winter  of  1892-93. 

99.  Ammodramus  Aandwiehensis  savanna  Wils.  Savanna  Sparrow.  Mi- 
grant, not  common. 

100.  Ammodramus  savannarum  passerinus'Wih.  Grasshopper  Sparrow.  Abun- 
dant summer  resident.     Breeds. 

101.  ChondeMes  grammacus  Say.  Lark  Sparrow.  Not  very  common  sum- 
mer resident.     Breeds.     More  common  during  migrations. 

102.  Zonotrichia  leucophrys  Forst.  White-crowned  Sparrow.  Abundant  mi- 
grant, occasionally  seen  as  late  as  June  10. 

103.  Zonotrichia  albicoUis  Gmel.  White-throated  Sparrow.  Much  more 
abundant  than  the  last  species.  Its  peculiar  note,  once  heard,  is  not  readily  for- 
gotten. 

104.  Spizdla  monticola  Gmel.     Tree  Sparrow.      Abundant  winter  resident. 

105.  Spiztlla  socialis  Wils.  Chipping  Sparrow.  Very  common  summer  resi- 
dent.    Breeds. 

106.  iypizella  pusUlo  Wils.  Field  Sparrow.  Abundant  summer  resident. 
Breeds. 
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107.  Junco  hytmalU  LinDseus.  Slate-colored  Junco.  Snowbird.  Common 
winter  resident,  but  more  abundant  in  fall  and  spring. 

108.  3fe/o8pt2a /owriato  Gmel..    Song  Sparrow.    Abundant  resident.    Breeds. 

109.  Meiospiza  georgiana  Lath.     Swamp  Sparrow.     Migrant,  not  common. 

110.  Passerella  iliaca  Merr.     Fox  Sparrow.     Common  early  migrant. 

111.  PipUo  etythrophthalmus  Linnaeus.  Towhee.  Chewink.  Common  sum- 
mer resident.     Breeds.     A  few  remain  over  winter. 

112.  Cardincdis  carHinalis  Linna'us.  Cardinal  (Trosbeak.  A  common  resi- 
dent, less  so  than  formerly.     Breeds. 

113.  Hahia  ludvoieiana  Linnaeus.  Rose-breasted  Grosbeak.  Summer  resi- 
dent, sometimes  abundant  and  sometimes  wanting.     Breeds. 

114.  Pcuseu'na  cynnta  Linnwus.  Indigo  Bunting.  Very  common  summer 
resident.     Breeds. 

115.  SpUsa  amerieana  (.\m^\,  Blark-throated  Bunting.  Very  abundant  sum- 
mer resident.     Breeds. 

116.  Piranga  eryihromelan  Vieill.  Scarlet  Tanager.  Common  summer  resi- 
dent.    Breeds. 

117.  Progne  ttibis  Linnaeus.  Purple  Martin.  Summer  resident,  abundant 
in  cities.     Breeds. 

118.  Petrochelidan  lunifronf  Say.  Cliff  Swallow.  Summer  resident,  breeds, 
but  is  not  so  common  as  formerly.  It  has  been  driven  out  by  the  English 
Sparrow. 

119.  Chelidon  erythrogcuiter  TU)dd.  Barn  Swallow.  Adundant  summer  resi- 
dent.    Breeds. 

120.  Tachyeinetn  bicolnr  Vieillot.  Tree  Swallow.  Not  often  seen.  They 
were  observed  in  some  abundance  in  the  fall  of  *93. 

121.  ClUicMa  riparia  Liniuens.  Bank  Swallow.  Common  along  the  Wabash 
River.     Breeds. 

122.  Stelgidopteryx  sfrripennis  And.  Rough-winded  Swallow.  Only  two 
specimens  taken. 

123.  Ampelin  gaiTuhm  Linntfus.  Bohemian  Waxwing.  A  specimen  was 
taken  near  the  Wabash  Count v  line  and  is  now  in  the  collection  of  Mr.  M.  L 
Galbreath. 

124.  Ampelin  redrorum  Vieill..  Cedar  Bird.  Common  resident.  Breeds 
late  in  summer. 

125.  Txiniuit  borealis  Vieill.  Northern  Shrike.  Butcher  Bird.  Winter 
resident,  not  abundant. 
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126.  Lanius  Indovicianus  exeubUorides  Swainson.  Whit€-rumped  Shrike. 
Common  summer  resident.     Breeds.     The  typical  species  may  also  be  found  here. 

127.  Vireo  olivaceous  Linnaeus.  Red-eyed  Vireo.  Abundant  summer  resi- 
dent.    Breeds. 

128.  Vireo  phUaiMphietu  Cassin.  Philadelphia  Vireo.  Rather  rare  mi- 
grant. 

121K  Vireo  f/iivua  Vieill.  Warbling  Vireo.  Common  summer  resident. 
Breeds. 

130.      Vireo  jiavifrons  VieilJ.     Yellow-throated  Vireo.     Abundant  migrant. 
181.     Vireo  8(*lit(iriun  Wih,     Blue-headeil  Vireo.     Migrant;  not  common. 

132.  MniotUta  mria  Linnaeus.  Black  and  White  Warbler.  Abundant  in 
woodland  during  migrations. 

133.  Helminthophila  pinus  Linniuus.  Blue-winged  Warbler.  Summer  resi- 
dent, never  very  common.     Breeds. 

134.  Helminthophila  chrysoptera  LinnaMis.  Golden- winged  Warbler.  Mi- 
grant ;  not  so  common  as  the  last. 

135.  Helminthophila  ruficapilla  Wils.  Nashville  Warbler.  An  abundant 
migrant. 

13().  Helminthophiia  celeta  Say.  Orange-crowned  Warbler.  Rare.  One 
specimen  taken  May  15,  1892. 

137.  Helminthophila  pengrina  Wils.  Tennessee  Warbler.  Abundant  mi- 
grant;  most  common  in  fall,  when  they  may  be  found  in  great  abundance  aloni? 
the  rivers. 

138.  CompKOthlypU  americana  lAnnivwii,  Parula  Warbler.  A  rare  migrant; 
two  specimens  taken. 

139.  Dendroiratigrina  Gincl.     Cape  May  Warbler.    Migrant ;  not  common. 

140.  Dendroicfi  nHtiixt  Gmel.  Yellow  Warbler.  Verv  common  summer 
resident.     Breeds. 

141.  Dendroicti  arndescenn  Gme\.  Black-throated  Blue  Warbler.  Migrant; 
common.  In  the  fall  of  1893  it  was  probably  our  commonest  warbler.  It  is  fond 
of  the  dense  woodland. 

142.  Dendroica  coronata  Linnaeus.  Yellow-rumped  Warbler.  The  earliest 
of  the  warblers  to  arrive  and  the  last  to  go  in  the  fall.  It  is  probably  our  most 
abundant  warbler. 

143.  Dendroica  niacidom,  Gmel.  Magnolia  Warbler.  Not  v^ry  common. 
ItM  habits  of  seclusion  make  it  seem  less  common  than  others  of  equal  abundance, 

144.  Dendroica  coirulea  Wils.  Ca'rolean  Warbler.  Rather  common.  So 
far  it  has  been  found  only  during  the  migrating  season. 
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145.  Detidroica  pentiHylvaniea  Linn<i*us.  Chetttnut-aided  Wurbler.  Coniiuon 
migrant. 

146.  Dendroiea  caManea  Wils.  Bay-breasted  War])ler.  Not  common ;  most 
most  frequently  seen  in  the  fall. 

147.  Dendroiea  striata  Forst.     Black-poll  Warbler.     Rather  rare  migrant. 

148.  Dendroiea  hlackhurnup  (TOiel.  Blackburnian  Warbler.  Abundant  mi- 
grant. 

149.  Dendroiea  doniinica  alhilora  Baird.  Sycamore  Warbler.  Rather  rare 
migrant. 

150.  Dendroiea  virem.  Gmel.  Black-throated  Green  Warbler.  Verv 
abundant  migrant.  ^ 

151.  Dendroiea  nyorxii  And.  Pine-creeping  Warbler.  Only  two  specimens 
taken  in  the  countv. 

152.  Dendroiea  kirtlandi  Baird.  Kirtland's  Warbler.  The  only  specimen 
known  in  the  State  was  taken  May  4,  1892.  This  is  the  twenty-second  specimen 
reported  from  North  America.  Little  is  known  of  its  life  history.  1  took  it  in  a 
thicket.  It  was  alone,  there  l)eing  no  other  binls  in  the  near  vicinity  of  it.  It 
seemed  to  be  an  active  fly  catcher,  not  having  the  motions  of  the  other  Dendroicn., 
being  less  active.  It  would  dart  off  after  an  insect  and  then  return  to  the  same 
perch.  Another  specimen  was  tnken  May  7,  1895.  Early  in  the  morning  I 
heard  a  bird  singing  in  the  thicket  of  plum  trees  near  the  house.  The  song  was 
strange  to  me,  and  consisted  of  a  loud  ringing  note  repeated  three  times  in  quick 
succession,  suggesting  that  of  the  Wrens  or  Maryland  Yellow  Throat.  1  did  not 
^o  to  look  for  it  at  once,  but  as  it  continued  singing  for  some  time  I  finally  got 
my  gun  and  went  to  look  for  it.  It  had  flown  over  into  the  orchard  then,  but 
soon  returned  to  the  plum  thicket  and  was  constantly  uttering  that  )>eculiar 
note.  I  finally  caught  sight  of  it  and  watched  it  for  <ome  time,  not  thinking  of 
its  being  the  rare  kirtandi.  It  moved  with  the  grare  and  ease  of  a  vireo  or 
fly-catcher.     Wallace.     [Proc.  Ind.  Academy  of  Science,  1893,  pp.  119,  120]. 

153.  Dendroiea  discolor  Vieill.  Prairie  Warbler.  One  specimen  was  taken 
Mav  2,  1892. 

154.  Demiroiat  jHilmarnm  (imei.     Redpoll  Warbler,     .\bundaut  migrant. 

155.  SeiHriti<  aurocapUlin  Linnaeus.  Oven-binl.  Very  common  summer 
resident. 

15(>.  Seiurua  noveht^rurenm^  Gmel.  Short-billed  Water  Thrush.  Rather  rare 
migrant. 

157.  Seiurus  motacilla  Vieill.  Large-billed  Water  Thrush.  Summer  resi- 
dent ;  more  common  than  the  last,     .\rrives  as  early  as  April  3. 
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158.  Oeotfdypia  agtiU  Wils.  ConDecticut  Warbler.  Only  one  specimen 
taken. 

159.  Geothlypi^  Philadelphia  Wils.  Mourning  Warbler.  Foand  in  dense 
thickets.  It  was  rather  common  in  the  spring  of  1892,  but  has  not  been  seen 
since. 

160.  •  Geothlypis  irichas  Linnaeus.  Maryland  Yellow-throat.  Abundant  sum- 
mer resident. 

161.  leteria  I'irens  Linn.  Yellow-breasted  Chat.  Summer  resident,  not 
common. 

162.  Sylvania  mitrata  Gmel.  Hooded  Warbler.  One  specimen  was  taken 
September  13,  1893. 

163.  St/lvania  pusilla  Wils.  Black-capped  Yellow  Warbler.  Three  speci- 
mens were  seen  during  the  spring  of  1892,  but  it  has  not  been  noted  since. 

164.  Sylvania  eanidensM  Linnteus.  *  Canadian  Fly-catching  Warbler.  A 
common  migrant. 

165.  Setophiga  rtUiciUa  Linmvus.  American  Redstart.  Summer  resident, 
but  much  more  common  during  migrations. 

166.  Anthus  penwitylvaniewt  Lath.  American  Titlark.  A  migrant  of  irregu- 
lar occurrence,  but  in  some  seasons  very  abundant. 

167.  Galeowoptejf  carolineTmis  Linna*U8.  Cat-bird.  Abundant  summer  resi- 
dent.    Breeds. 

168.  Harporhynchus  rufus  Linmeus.  Brown  Thrusher,  Brown  Thrush. 
Abundant  summer  resident. 

169.  Thiyothartui  ludavicianw^  Lath.  Carolina  Wren.  Rather  rare  resident. 
Some  seasons  none  are  seen. 

170.  Thryothuru$  backkii  Aud.  Bewick's  Wren.  Rather  common  summer 
resident. 

171.  TroytodyteH  aedon  Vieill.  House  Wren.  Common  summer  resident. 
Breeds. 

172.  Trogl(tdyUs  hyemalis  Vieill.  Winter  Wren.  Common  migrant.  Prob- 
ably some  remain  throughout  the  winter. 

173.  Ceithia  fumiliaris  amerirxina  Bonap.  Brown  Creeper.  Ck)mmon  mi- 
grant.    Occasionally  Hccn  in  midwinter. 

174.  Sitta  carolinetisis  Lath.     White-breasted   Nuthatch.     Common  resident. 

175.  Sitta  canadenMH  Linnifus.  Red-breasted  Nuthatch.  One  specimen 
taken  Sept.  15lh,  1S91. 

176.  Pants  bicolnr  Linnivus.     Tufte<l  Titm(»use.     Very  common  resident. 
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177.  Parua    atroeapillU    Linnseus.      Black-capped    Chickadee.      Abundant 
winter  resident. 

178.  Regulus   aalrapa    Licht.     Golden-crowned    Kinglet.     Ckimmon    winter 
resident. 

179.  RegtUuH  calendula   Linnipus.      Ruby-crowned    Kinglet.      Common   mi- 
grant. 

180.  Poliaptila  ecertUea  Linnaeus.    Blue-gray  Gnatcatcher.    Common  summer 
resident. 

181.  Turdus  mtuUlinus  Gmel.     Wood  Thrush.     Common  summer  resident. 

182.  Turdus  fvseescens  Steph.     Wilson's  Thrush.     Migrant.     Not  so  common 
as  the  preceding. 

183.  Turdus  uslulatus  sicainsonii  Cab.     Olive-backed  Thrush.     Rather  com- 
mon migrant. 

184.  Turdus  aonalasckhr  pallasii  Cab.     Hermit  Thrush.     Common  migrant. 
Our  most  abundant  Thrush. 

185.  Merula  migraioria  LinnaMis.     American  Robin.     Very  abundant  sum- 
mer resident.     Breeds. 

186.  Sialia  sialis  Linnneus.    Blue  Bird.    Abundant  summer  resident.    Breeds. 


Notf:s  on   a    Collection  of   Fishes  of    Dubois  County,    Indiana.     W.  J. 

MOENKHAUS. 

The  following  list  of  fishes  is  offered  as  a  slight  addition  to  our  knowledge  of 
the  fisheK  of  Indiana.  The  list  is  based  on  a  collection  made  during  the  second 
week  in  September,  1893,  in  Patoka  River  and  Short  Creek  near  Huntingburg, 
Dubois  County,  Indiana.  It  has  been  withheld  from  publication  thus  long  be- 
cause I  have  hoped  that  further  work  might  be  done  in  the  same  streams,  but  as 
each  year  makes  this  more  improbable,  it  is  perhaps  best  to  publish  the  list  as  it 
is.  Very  little  is  known  of  the  fishes  of  the  Patoka  River,  investigations  having 
been  made  only  near  its  mouth,  at  the  city  of  Patoka,  by  Jordan  and  Evermann, 
some  years  ago.     (Jordan,  Bull.  U.  S.  Fish  Com.  VIII,  1890). 

The  Patoka  River  flows  from  east  to  west  across  about  one-half  the  width  of 
the  State.  In  its  course  it  passes  through  the  southern  part  of  Orange  County 
and  through  the  middle  of  Dubois,  Pike  and  (ribson  counties,  emptying  into  the 
Wabash  a  few  miles  south  of  the  mouth  of  the  White  River.  In  the  vicinity  of 
Huntingburg  where  it  was  fished,  the  channel  is  from  75  to  100  yards  in  width. 
The  stream  is  everywhere  obstructed  along  the  banks  and  ofttimes  entirely  across 
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by  fallen  timber?.  The  water  is  always  more  or  less  muddy,  except  in  the  fall, 
when  very  low,  it  approaches  clearness.  The  river  was  fished  for  three-quarters 
of  a  mile  where  Hunley  Creek  empties  into  it.  The  water  was  very  low  and  the 
fish  were  mostly  collected  in  the  deeper  places  in  the  channel.  The  ripples  were 
repeatedly  seined,  but  were  found  to  be  ptMir  in  fish.  These  places  seemed  ideal 
for  darters,  but  not  a  siiiKle  one  was  taken  here.  All  that  were  caught  were 
living  together  and  had  collected  in  the  apparently  stagnant  hole^. 

•Short  Creek  is  a  narrow  mu<ldy  stream  about  seven  miles  in  length,  emptying 
into  Hunley  Creek  three  miles  above  its  mouth.  During  dry  seasons  it  dries  up 
at  many  pla(*es  and  presents  only  p(M)l8  of  yellow,  muddy,  stagnant  water.  It  was 
in  some  of  these  pools  from  it»>  mouth  to  about  n  mile  above  that  our  fishing  was 
done. 

Patoka  River  will  be  indicate<l  by  ( /*)  in  the  descriptions,  and  Short  Creek 
by  iS). 

All  of  this  collection  is  in  the  Indiana  Universitv  Museum. 

The  common  names  given  are  those  by  which  they  are  known  in  this  locality: 
1.     IctalnrHif  punetnlns  HvL\mif»i{Ut.     Channel  cat.     (P.)     Two  specimens. 
"2.     ^mimiiM  m^/oK  Rafinesque.     Black  cat.     (P.)     One  specimen. 

3.  /y<'/)<o/)^  o/i»Yirix  Rafinesque.     Flat-head.    Mud  cat.     iP. )    One  specimen. 

4.  SchUfteodes  mill rutf  .lonhm.     (P.)     Sixteen  specimens. 

5.  MoxoAtoina  aureoium    I>e    »^ueur.      Red    hoi-se.       White    sucker.       Four 
sj>ecimens  from  Short  Creek  and  fourteen  from  the  Patoka  River. 

6.  Hybo(fnathw<  nuchal m  Agassi z.     Thirty-seven  sf>eciniens  from  Short  Creek 
an<l  fiflv-nine  from  Patoka  River. 

7.  Pineephales  fwtaf  118  Kafinesinie.     (P.)     Seven  specimens. 
X.     Cliola  viifUnx  Bainl  tV:  iiirard.     (P.)     Maiiy  specimens. 

1».  xVo/ropix  mi>/o«^oMnM  Rafinesque.     (P.)     Nineteen  specimens. 

10.  Xotropi*  whipplei  Girard.     i  P.)     Sixty  specimens. 

11.  NotnipU  nraois  i-'oite.     (V. )     Twenty  s|)eci mens. 

12.  yntropis  nm  brat  ills  iurard.     (S. )     Fifty-eight  specimens. 

13.  yot  ropi«  atherino{fiei<  Hn^nv8t[\\e.     (P.)     Thirty -eight  specimens. 

14.  Op)§opi>fod us  em ili<te  liny.     (S. )     Two  specimens. 

lo.     yotemifjoueua  chnfHtilfnetis  MitvheU.    (iolden  shiner.   (S.  )    Five  sj)ecimen8. 

1<).  Porosffina  rep*:ih'anum  \a.' Siiewr.  Mud  shad.  Hickory  shad.  (P.)  One 
specimen. 

17.  Tt/yoiiHcteM  unfatu'' \in^xn-si\iie.  'J'op  minnow.  \V.  S. )  Sixty-one  speci- 
mens fn»u»  Patoka  River  and  five  from  Short  Creek. 

15.  Lz/rMM  j^r»/iiVM/«/«<.<  Lt' Sueur.     Pike.      Pickerel.      ( I*. )     Four  specimens. 
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19.  Labidttlhex  itArufuo  Cope.     Bilver  Hide.     {P.)     Five  vpecitiieQK. 

20.  ,4pAm/o(tnw  wijonm  ttilliums.     (8.)     Fiti' Hperimens. 

21.  PiimoiiK  aaniilaru  HafineH'iac.  Calico  has*.  (S.)  Twenty  Bpecimens. 
All  uges.  8ix  B|>ecimenH  show  ihe  fuiliiwinK  character:  I.«nglh.  85,  93,  108. 
123,  124,  145;  Int.  1.,  M.  4A,  43,  4B,  *%  47;  doreal  tin,  V-IS,  Vl-15.  VMS. 
VI-U,  Vl-lfj,  VI-U;   annl  fin,  VI-19,  VI-19.  VI-I8,  Vt-17,  VI-19,  VI-17. 

■2^.     Ckaenobiyllvi  jt"/<«"»  Cnv.  A  Val.     (S.)     Four  spwinietiR. 

23.  Micraplerun  mlmoidn  Lac^pMe.  Large-monthed  bini'k  bass.  (P.) 
Tliirtopn  s]>eci mens.     All  ages. 

24.  LrpmniV  itHja/utiK  RutineBi|iie.     (S.)     One  specimen. 

23.  Ltpomif  paltidia  Mitchell.  | P.  S.)  Six  specimeiiH  from  Short  Creek 
and  lifUfn  rr.,ni  P.iloka  River. 

2ti.  EtheoMomn  atprn  Cope  A  Jordan.  Blachsided  darter.  (P.)  Forlv-nini' 
epvi'imcns.  The  Table  X  I'milaina  del  nils  of  coiinls  and  nieHHiiremenl(j  id  ihefe 
upeeimens: 
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All  the  specimens  had  the  cheeks,  nape  and  hreast  naked  and  the  ojjercles 

0/  scaled.     20  had  the  belly  naked,  12  partly  and  4  completely  scaled.     Below  is  the 

table  of  counts  for  their  scales  along  lateral  line  and  the  dorsal  and  anal  fins. 

36-10-46,  for  instance,  stands  for  36  scales  with  tubes,  10  without  and  46  for  the 

total  along  side: 
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2J».     Etheostoma  ciimvrum  (C<^]^e.).     (P.)     11  specimens. 


Additional  Notes  on  Indiana  Birds'.     By  A.  W.  Butler. 


Each  year  observations  on  the  birds  of  Indiana  bring  to  notice  interesting 
facts.  This  year  has  been  no  exception.  The  region  covered  by  the  reports  of 
correspondents  includes  not  only  this  State,  but  also  Michigan  and  the  part  of 
Illinois  and  Ohio  bordering  on  Indiana;  therefore.  I  am  enabled  to  add  some  val- 
uable notes  from  neighboring  localities  that,  while  not  within  our  limits,  have  a 
bearing  upon  the  study  of  our  birds. 

The   winter  of  1894-5  was  mild  until  after  Christmas.     From  several  locali- 
ties in  the  State  came  inlormaticm  regarding  the  wintering  of  forms  not  commonly' 
seen.     Meailow  Lnrks.  Kobins  and  Bluebirds  were  reporte»l  north  of  the  latitude 
of  In>Ii.ni:i])oli>i.      Yell«»\v-ramp  Warblers  and  <Ti»lden-rn^wned  Kinglets  spent  the 
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winter  about  Brookville.  After  a  warm  Chribtmas  the  weather  changed.  De- 
cemt»er  27  and  28,  1894,  it  became  <iuite  cold  in  this  latitude.  It  remained  warm 
generally  over  the  Southern  States.  On  January  24,  1895,  the  temperature  as  far 
south  as  South  Carolina  was  near  the  zero  mark.  It  turned  warmer  that  uight, 
and  the  next  day,  January  25,  the  weather  was  bright  and  clear.  The  day  fol- 
lowing was  Friday.  It  rained,  then  snowed,  the  wind  came  down  from  the 
northwest  with  great  velocity,  the  temperature  fell  rapidly,  everthing  was  ice- 
bound or  snowbound  to  the  Gulf  of  Mexico,  then  followed  weeks  of  unusual 
severity.  The  cold  weather  of  April  was  also  especially  severe  over  the  territory 
noted.  The  region  afl'ected  is  the  winter  home  of  numbers  of  our  birds.  There 
Robins,  Bluebirds,  Phu'bes,  Yellow-rump  Warblers  and  House  Wrens  spend  that 
season. 

At  the  end  of  the  severe  weather  in  April,  we  are  told,  but  few  Kobins  and 
Bluebirds  were  to  be  found.  The  destruction  of  birds  must  have  been  enormous. 
The  Bluebirds  seem  to  have  been  almost  exterminated.  An  observer  living  at 
Mt.  Pleasant,  S.  C,  says  that  when  the  April  cold  spell  came  millions  of  Robins 
were  congregated  in  that  vicinity  and  they  perished  by  thousands.  The  severe 
weather  had  lasted  so  long  and  food  was  generally  so  scarce  that  they  easily  suc- 
cumbed to  the  last  efl'ort  of  winter.  The  Yellow-rump  Warbler  and  Hermit 
Thrush  are  reported  also  to  have  suffered  severely.  Perhaps  other  kinds  of  birds 
were  also  caught  in  that  death  dealing  storm.  The  following  notes  on  this  and 
other  subjects  are  brought  to  your  attention  : 

1.     -Sia/m  i*ia/t>  (Linn.),  Bluebird. 

Early  in  the  spring  of  1895  accounts  of  the  scarcity  of  the  Bluebirds  began 
to  be  receive<l.  This  scarcity  was  generally  observed.  Some  of  the  particulars 
are  here  given. 

At  Redkev,  Ind.,  Rov  Halhawav  savs  he  saw  two  Bluebirds  Februarv  24; 
next  seen  April  7.  He  did  not  find  a  single  pair  breeding  and  only  a  few  were 
seen,  probably  six  or  seven.  He  saw  four  Sunday,  August  18;  three  of  them  he 
took  to  be  young.  He  did  not  hear  of  any  nests  being  found  near  there  last 
spring. 

At  (ireensburg,  Ind.,  Prof.  W.  P.  Shannon  reports  one  seen  February  24; 
next  seen  March  12.     He  notes  it  is  becoming  less  common. 

Mr.  S.  W.  Collett,  Upland,  Ind.,  says:  First  seen  March  25.  Remarkably 
scarce.     Have  not  seen  more  than  a  dozen. 

Prof.  Glenn  i'ulbertson.  Hanover,  Ind.  First  seen  February  23,  one;  next, 
February  28;  next,  March  1.     I>ecreasing  in  numbers. 

Angus  (Taines,  Vincennes,  Ind.,  says  they  are  absent  this  year. 
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A.  B.  Ghere,  Frankfort,  Ind.,  reports  tliein  extinct. 

Jesse  Karll,  Greencastle.  Ind.,  notes  first  one  seen  February  22;  next, 
March  2.     Decidediv  scarce  this  summer. 

Alexander  Black,  of  the  same  place,  says  they  have  not  appeared  this  year. 
He  has  not  seen  a  dozen  pairs  all  told. 

Dr.  Vernon  Gould,  Rochester,  Ind.  One  reported  March  19.  One  or  two  re- 
ported later.     Have  not  seen  or  heard  one  this  summer. 

Mrs.  Jane  L.  Hine,  Sedan,  Ind.  First  seen  were  two,  March  29;  next,  April 
2.  Very  rare.  The  whole  country  must  report  a  lo«js  of  Bluebirds.  Once  in  a 
great  while  one  is  seen.  In  a  ride  (»f  twenty  miles  you  may  see  none,  or  at  best 
onlv  one  or  two. 

T.  S.  Palmer,  Acting  Ornithologist  F.  S.  Department  of  Agriculture,  Wash- 
ington, D.  ('.,  informs  me  they  re<*eived  many  reports  of  the  unusual  scarcity  of 
Bluebirds  last  spring. 

L.  A.  and  C.  I).  Test,  Lafayette,  Ind.,  re|H)rt  one,  the  first,  March  9;  the 
next  March  10.  Strangely  uncommon.  Seemed  very  rare  after  the  cold  spell 
during  the  Hrst  half  of  March. 

Clyde  L.  Hine,  Waterloo,  Ind.  First  seen,  <me,  March  3;  next,  March  29; 
next,  April  14.     Very  rare  this  spring. 

Prof.  A.  L.  Treadwell,  Oxford,  Ohio.  Two  seen  January  1;  next  seen  Jan- 
uarv  .'{,  which  was  last  one  note<l. 

Prof.  K.  L.  Moseley,  Sandusky,  Ohio.  One,  the  first,  si'cn  February  22;  next 
seen  March  24.     Not  common  this  vear. 

K.  M.  Kindle,  Franklin,  Ind.,  says:  The  Bluebird  seemed  very  scarce  in 
Orange,  Martin  and  Dubois  counties,  Indiana,  this  summer  (1<S!).5). 

B.  T.  (vault,  (ilcn  Kllyn,  111.,  reported  seeing  but  three  at  that  place. 
Kuthven  Deane,  Chicago,  111.,  informs  me  he  saw  one  at  English  Lake,  Ind., 

but  was  not  near  enough  to  certainly  identify  it.  He  says  all  rei)orts  from  this 
Si'Ction  show  its  extreme  searcitv. 

K.  J.  Chansler,  Bickncll.  Knox  County,  Ind.,  in  a  letter  last  spring,  writes: 
Has  been  a  resident  until  this  spring,  but  has  disappeared.  Have  not  seen  one 
the  entire  spring.  Saw  a  dead  one  during  the  cold  spell  last  winter.  The  past 
autumn  he  wrote:  Have  not  been  seen  here  since  last  February  until  about  Octo- 
ber 21.  1  have  made  numerous  inquiries  in  regard  to  them,  but  can  not  learn  of 
their  breeding  here  this  season. 

T.  L.  Ilankison,  .\gricultural  College,  Michigan:  Heard  one  March  27.  I 
havf  not  seen  a  Blii<>bird  this  year,  and  know  of  only  one  other  being  seen. 
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W.  De  Clarenze,  Brant,  Saginaw  County,  Mich.  :  Two  seen  April  4;  next 
seen  April  10.     For  some  reason  Bluebirds  are  very  scarce  this  season. 

In  the  vicinity  of  Chicago,  III.,  their  absence  was  very  noticeable. 

Kliot  Blackwelder,  Morgan  Park,  III.,  informs  me :  Bluebirds  have  been 
extremely  scarce  this  year.  Have  seen  two  single  birds — March  28  and  May  10; 
two  pairs  and  one  family  of  six.  This  makes  in  all  twelve  birds.  Only  one  is 
recorded  by  the  Chicago  Academy  of  Science  for  Lincoln  Park,  Chicago.  Sep- 
tember 11  saw  a  tlock  of  eleven  sitting  on  a  telegraph  wire  near  my  home.  Last 
seen  October  28. 

L.  A.  and  C.  D.  Test:  Last  seen  (at  Lafayette,  Ind.)  October  18.  Usually 
abundant,  but  this  year  strangely  rare.  Have  seen  Bluebirds  but  twice,  and  am 
at  a  loss  to  account  for  their  absence. 

At  Brook ville,  Ind.,  they  were  as  abundant  af  usual  in  the  fall  and  almost 
every  nice  day  through  November  and  December,  1894.  After  the  severe  weather 
last  winter  none  were  seen.  Only  a  few  were  noted  in  the  spring  and  none  through 
the  summer  of  1895.  I  do  not  know  that  any  breil  here.  This  fall  they  have 
been  more  noticeable,  but  still  are  very  rare.  September  20  saw  five  in  my  gar- 
den with  Hock  of  sparrows.  September  22  saw  three,  one  adult,  two  young.  No- 
vember 2  saw  four.     November  4,  quite  a  flock.     November  23,  one,  the  last. 

2.     Turdwt  migratorius  (Linn.),  American  Robin. 

Noticeably  scarcer  this  year  than  usual.  In  some  localities  almost  as  few  as 
Bluebirds. 

Mrs.  .Jane  L.  Hine,  Sedan,  Ind.,  reports  them  not  more  than  one-half  to  two- 
thirds  as  numerous  as  last  year. 

L.  A.  and  C.  I).  Test,  the  past  fall,  say:  Not  as  common  as  usual  the  past 
fall. 

S.  W.  CoUett,  Upland,  Ind.,  writes:  Very  scarce.  .\  remarkable  year  for 
scarcity  of  Robins  and  Bluebirds.  Have  not  seen  more  than  a  dozen  of  either 
kind. 

Reported  very  scarce  in  and  about  Chicago,  111.  A  daily  paper  there  notes 
that  but  one  Robin's  nest  was  all  that  vigilant  search  revealed  in  IJncoln  Park 
this  year,  where  formerly  there  were  hundreds  of  them.  A  single  pair  was  seen 
in  Oakwood  Cemetery  and  three  or  four  in  Washington  Park. 

().  \\.  Warren,  Palmer,  Mich.,  says  they  were  much  scarcer  than  in  1894. 

As  to  the  general  scarcity  of  certain  birds,  the  following  specific  information 
will  give  some  idea. 

Alexander  Black,  Greencastle,  Ind.,  says  we  did  n()t  have  such  numliers  of 
warblers  as  we  usually  have.  We  saw  a  few  Black-throated  (rrevn  Warblers,  a 
few  Yellow-rump  Warblers,  and  one  or  two  Canada  Warblers. 
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Mrs.  Jane  L.  Hinc,  Sedan,  Ind.,  says  Bridge  Pewees  (Phu'bes)  were  rare,  Her- 
mit Thrushes  very  rare,  hut  Olive- backed  and  Wood  Thrushes  were  coiniuon  as 
ever. 

Charles  Clickener  savs  Wrens  and  Catbirds  were  rare  in  Parke  Countv  this 
year. 

At  Palmer,  Mich.,  O.  B.  Warren  reports  that  many  species  were  noticeably 
less  common  than  in  181)4.  Among  thehi  were  Golden-crowned  Thrush,  Sfinrw* 
auroeapillus  (Linn.);  Chestnut-sided  Warbler,  Dendroica  pennitylvanica  (Linn.); 
Black  and  Yellow  Warbler,  Dendroica  maculosa  ((irael.);  Yellow-runjp  Warbler, 
Dendroica  coronata  (Linn.);  Black  and  White  Creei)er,  Muiotilta  v<iria  (Linn.); 
Indigo  Bunting,  PoMt^rina  cyanea  (Linn);  Junco,  Junco  hyemalis  (Linn.);  Pine 
Finch,  SpiiiiJLA  pinus  (Wils. );  Red  Crossbill,  Loria  curriroKtra  minor  (Brehm); 
White-winged  Crossbill,  Lftxia  leucoptera  (Gtue\.) ;  Spotted  Sandpiper,  Actitis  mar- 
aiaria  (Linn.);  Yellow-bellie<l  Woodpecker,  Sphyrapicns  variw*  (Linn.);  Flicker, 
ColapUs  aurattuf  (Linn.);  Night  Hawk,  ChordeiU's  rirginianujf  (Gniel.);  Wood 
Pewee,  Cojitopiix  nreriK  (Linn.);  Least  Flycatcher,  Empidoncw  minimus  (Baird); 
Rusty  Blackbird,  Scole.cophaguA  carolinm  (Miill.).  Especially  rare  were  White- 
throated  Sparrow,  Zonotrichia  alhicoll in  {irm^X.)  \  Nashville  Warbler,  Ildminthoph- 
atja  ruficapi'la  (Wils.);  Winter  Wren,  Troglodytes  hyemnlis  (Vieill.).  Of  the 
Hermit  Thrush,  Turdiut  ainaiaschlur  pid/asii  (Cab.),  he  says  there  is  a  marvelous 
decrease  in  num]>ers,  more  noticeable  than  the  absence  of  Sialin  sialis. 

E.  J.  Chansler,  Bicknell,  ind.,  nole<l  Plm*be,  Sayomij*  phobr  (Lath.),  and 
Eave  Swallow,  Petrochel  don  lunifrojiA  (Say),  as  scarcer  than  usual. 

3.  Ca4hariftta  at  rata  [hArir.).     Black  Vulture. 

November  24,  1894,  three  seen  at  Monrovia,  Morgan  County,  Ind. — Alden  M. 
Hadlev. 

Large  flocks  observed  at  Bicknell,  Ind.,  last  fall  (1895)  feeding  on  dead  hogs. 
— E.  J.  Chansler. 

4.  Phalacrocorax  dilophus  floridaniix  (Aud.).     Florida  cormorant. 

Prof.  Stanley  Coulter  informs  me  that  there  is  a  specimen  in  the  collection  of 
Purdue  University,  Lafayette,  Ind.,  bearingthe  following  legend  :  "Shot  March, 
1880,  from  amid  a  flock  of  wild  ducks  on  bayou  of  Wild  Cat  Creek,  Tippecanoe 
County,  Ind.,  by  Daniel  Mueller,  who  donat4?d  the  same  to  Purdue  University.'^ 

5.  Phala*trocoraj-  dilophuji  [Svf.  and  Rich.).     Double-crested  (>)rmorant. 

One  shot  November  28,  1895,  on  Big  Walnut  Creek,  Putnam  County,  Ind. — 
Je«se  Earll. 

6.  Afjuiia  chryfiai'tnx  (Linn.),     (iolden  Eagle. 
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One  measuring  seven  feet,  two  inches  in  extent  was  caught  in  a  steel  trap  by 
Charles  Fry,  near  Fairfield,  Tnd.,  December,  1895.  The  trap  was  set  for  skunks 
and  was  baited  with  rabbit. 

7.  Pdecanus  erythrorkynehos  (Omel.).     American  White  Pelican. 

One  shot  in  the  Wabash  River  near  Lafayette,  Ind.,  about  September  29, 1895. 

—  I..  A.  and  C.  D.  Test. 

8.  Chm  hyperborea  (Pall.).     lesser  Snow  Goose. 

March  14,  1895,  some  sportsmen  killed  eight  from  a  Hock  of  twenty,  near 
lireensburg,  Ind.     Those  killed  were  immature,  and  the  others  seemed  to  be  also. 

—  Prof.  W.  P.  Shannon. 

9.  Anas  peneiope  {[Ann.).     Widgeon. 

Since  our  last  meeting  records  have  been  received  of  two  more  European 
Widgeons  from  Indiana.  One,  the  second  noted  from  the  State,  a  young  male, 
was  killed  in  the  Kankakee  marshes,  near  English  Lake,  Ind.  It  was  shot  from  a 
flock  of  Haldpates  by  Mr.  J.  F.  Harrell,  April  7,  1895.  The  specimen  is  now  in 
the  collection  of  Ruthven  Deane,  Chicago,  111.  Mr.  Deane  has  also  reported  a 
specimen  in  the  collection  of  Dr.  Nicholas  Rowe,  of  **The  American  Field," 
Chicago,  111.  It  was  killed  at  English  Lake,  Ind.,  in  1881  or  1882.  This  is  the 
third  record  for  Indiana,  and  the  fifth  for  the  interior  of  the  United  States.  (The 
Auk,  Vol.  XII,  No.  8,  p.  292.  See  also  Proc.  Ind.  Academy  of  Science,  1894, 
p.  78. ) 

10.  CalcariiM  lapponiciM.     (Linn.)     Lapland  I/ongspur. 

A  hundred  were  seen  at  Morgan  Park,  III.,  October,  17,  1895,  when  it 
became  abundant.  Next  seen  Oc^tober  26.  Most  abundant  winter  resident. 
— Eliot  Black  welder. 

11.  Ammodramus  mudacutus  neisoni.     (Allen.)     Nelson's  Sparrow. 

Eliot  Blai'kwelder,  Morgan  Park,  111.,  reports  it  from  that  locality  Septem- 
ber 2S,  1805.     He  says  it  is  not  common  and  breeds  there. 

12.  Ammodramtuf  leconteii.     (Aud.).     I^eConte's  Sparrow. 

Mr.  Blackwelder  saw  six  at  Morgan  Park,  111.,  April  21,  1895.  He  next 
noted  them  April  22.  One  day — the  week  of  April  25 — he  shot  three,  and  F.  M. 
Woodruff,  who  was  with  him,  shot  another. 

13.  Loxia  curnroAtra  mijinr.     (Brehm.)     American  Crossbill. 

There  seemed  to  be  a  flock  of  seven  on  and  near  Purdue  University  campus 
(  Lafayette,  Ind. )  which  were  observed  on  the  following  dates,  1895:  March  30;  April 
3,  5,  6,  7,  10,  12,  13, 14,  15,  17,  18,  21,  23,  24,  25,  26,  29;  May  1,  3,  4,  7,  11,  17,  18, 
20,    21,    22.     They    may   have   remained    later,  but    the   observers    were   absent 
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after  the  last  date.  This  fall  these  birds  were  seen  November  5  (three),  and  heard 
November  26.     (L,  A.  and  C.  D.  Tefct.) 

14.     Dtndnrica  kirtlandi.     (Haird.)     Kirtland's  Warbler. 

The  second  specimen  of  this  rare  warbler  from  Indiana  was  taken  by  the 
same  person  in  the  same  vicinity  as  the  first.  W.  O.  Wallai^e  obtained  it 
near  Wabanh,  Ind.,  May  7,  lSt)5.  Mr.  Wallace  writes:  "Early  in  the  morning  I 
heard  a  strange  bong  in  the  thicket  near  the  house,  but  I  was  very  busy  and  did 
not  go  to  seethe  singer  for  some  time.  It  kindly  remained  until  I  completed  my 
work,  when  I  located  it.  Had  it  not  been  for  iU<  loud  and  peculiar  song  I  sliould 
have  pronounced  it  a  Canada  Flycatcher.  Its  song  sealed  its  fate.  After  watch- 
ing it  catch  insects  and  listening  to  its  song  for  some  time,  I  backed  off  and  shot 
it.  Imagine  my  surprise  when  1  held  in  my  hand  my  se<^ond  Kirtland's  Warbler. 
The  song  bears  considerable  resemblance  to  that  of  the  Great  Carolina  Wren  and 
also  suggests  that  of  the  Maryland  Yellow-throat.  It  is  loud  and  rather  musical. 
I  notici'd  in  both  speci nitons  movements  more  like  the  Flycatchers  than  the 
Warblers." 


NOTEH  ON  PARA!SITf>!  C0LLF.("TKD  IN  THK  StATE  IN  iHMb.      Bv  A.  W.   BiTING. 

I  have  only  a  few  j>arasitcs  li»  report  as  additions  to  the  list  ])resented  last 
year.  Some  of  these  are  very  common  and  it  now  seems  strange  that  they  were 
not  collected  before. 

GusirophUus  hamorrhoida/is  was  taken  in  the  mature  state  during  the  summer. 

Trichodttt'*  parumpilo.*u;<  Piaget  taken  last  spring.  It  is  the  common  biting 
louse  of  the  horse. 

PuUr  was  taken  on  SralopK  atiuaticiifj  Cuv.  Only  a  few  specimens  of  this  para- 
site have  ever  l>een  collected. 

A  species  of  Ixode  was  taken  from  SpermophiluKtridecum  lineahuf. 

A  sjK'cies  of  Fulux  was  taken  from  the  same  host. 

StroiKjifiius  pitradoruit  Vi'As  recently  obtained  from  hogs  thought  to  be  affecte<i 
with  cholera. 

Anufbii  iiitiaiyridiK  was  found  in  the  liver  of  a  turkey  <m  December  25. 

Trichorfphalu9  affitiis  was  obtained  from  the  intestines  of  the  sheep. 
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A  Report  Upok  C'ERTArx  Collections  of  PHANRROCiAMd  Presented  to  the 
State  Biolocjical  Survey.     By  Stanley  Coulter. 

I)iiring  the  past  year  the  Survey  has  come  into  possession  of  three  collections, 
t.*uihraeing  nearly  one  thousand  8|)ecies,  which  serve  as  a  good  foundation  for  the 
proposed  herbarium.  The  specimens  are  unmounted  and  provision  should  be 
made  in  the  near  future  for  their  permanent  preservation.  The  collections, 
while  representative,  contain  but  a  scant  series  of  duplicates,  so  that  at  present 
the  proposed  distribution  into  sets  is  impossible.  Much  fuller  collections  must 
come  into  the  hands  of  the  Survey  before  this  work  can  be  undertaken. 

The  material  has  been  derived  chietlv  from  three  sources : 

1.  A  collection  of  about  500  species,  selected  from  the  duplicates  of  the 
herbarium  of  Purdue  University.  This  represents  for  the  most  part  forms  of 
general  distribution,  although  containing  such  exceptional  forms  as  Leurenworthia 
Michauriij  Sullivantia  Ohionis  and  Braehyehaeta  cordata, 

2.  A  collection  of  1(53  species  from  the  Rev.  E.  J.  Hill,  of  Englewood, 
Illinois.  This  collection  is  of  especial  value,  since  it  is  made  up  almost  entirely 
of  plants  of  exceptional  or  limited  distribution.  A  fuller  idea  of  the  value  of  this 
collection  may  be  gathered  from  an  examination  of  the  paj)er  on  Noteicorthy  In- 
ihana  Phanerorfana^  (these  Proceedings,  p.  — ),  to  which  reference  is  made. 

3.  A  collection  of  some  300  species  from  Mr.  II.  J.  Clements,  of  Washington, 
I)avies8  Countv.  The  collection  of  Mr.  Clements  was  confined  to  the  immediate 
vicinity  of  Washington,  and  the  extent  of  the  collection,  the  accuracy  of  de- 
termination and  the  com])leteness  of  the  accompanying  data  are  sufficient  proofs 
of  Mr.  Clements'  ability.  As  the  collection  stands  for  a  new  region,  concerning 
which  it  is  extremely  desirable  to  have  a  full  knowledge,  I  have  made  from  the 
material  furnished  by  Mr.  Clements  a  ]irovisional  list  of  the  flora  of  the  vicinity 
of  Washington.  Some  thirty  sheets,  chiefly  Js/ers,  arc  as  yet  undetermined.  In 
the  work  of  studying  this  collection  I  have  been  greatly  aided  by  Miss  Alida  M. 
Cunningham,  to  whom  the  Survey  is  indebted  for  much  critical  work- in  the  ex- 
amination of  Indiana  forms. 

The  sedges  and  grasses  have  passed  through  the  hands  of  Prof.  .1.  Troop,  to 
whom  acknowledgment  is  thus  made. 

Until  such  time  as  the  Directors  of  the  Survev  have  determined  the  form  in 
which  the  State  flora  shall  appear  it  has  been  thought  best  to  follow  the  nomen- 
clature of  Graves  Manual,  sixth  edition. 
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Provistonal  List  oj  the  Phanerogams  in  the  Vicinity  of  Washingtonj  Daviess  County^ 
Indiana.  Based  upon  the  collectioiiB  of  Mr.  II.  J.  Clements,  during  the  seasons  of 
1894  and  1895: 

Ranunculace^. 

Cltmatin  Pitcheri  Torr  and  Gray.  (104.)  **Near  Prairie  Creek,  near  B.  &  0» 
R.  R.     July  4,  1894." 

Anemone  Viryiuinna  L.  (99.)  Woods  south  of  Oak  Grove  and  B.  &.  O.  R.  R. 
July  4,  1894. 

Anemone  Pennsylmnica  L.  (81.)  Abundant  on  north  side  of  B.  <&  O.  R.  R. 
west  of  Oak  (rrove. 

Anemonella  thalictroKlrs  Spach.  (17.)  Rare.  Woods  west  of  Washington. 
April  13,  1895. 

Thalictrum  dioicum  L.     (54.)     San  ford's  Woods.     May  4,  1895. 

Thai iet rum  pill purascena  L.  (79.)  South  bank  of  railroad  track,  south  of  Oak 
Grove.     May  IS,  1895. 

Ranuncuhui  mtdtijidus  VwTshy  var.  terreatris  Gray.  (87.)  First  wood  south  of 
B.  &  O.  R.  R.  and  west  of  Oak  Grove.     May  18,  1895. 

Banuncul us  abort ivush,  (13.)  Common  in  wet  places.  B.  (S^O.  Railroad  west 
of  shops.     April  5,  1894. 

Ilanunculw<  renirvatus  Voir.     (55.)     Sanford's  woods.     May  14,  1894. 

Ranuncu'us  neptentrionalis  Poir.  (27.)  Common,  hillsides  in  woods,  low 
places,  etc.     April  20,  1894. 

Ranunculus  repent*  L.  (80.)  Hyatt's,  south  of  B.  «St.  O.  Railroad.  May  18> 
1895. 

Jsopyrum  bite rnatnm  Torr  And  Gray.  (12.)  Woods  south  of  B.  A:  O.  shops. 
April  13,  1894.  This  form  was  referred  by  Mr.  Clements  to  Thalictrum  clavatum^ 
1>C.,  which  does  not  occur  in  Indiana. 

Delphiniun  tricorne  yi'whx.     (39.)     Sanford's  woods.     April  21,  1894. 

Actaea  alba  Bigel.  (40.)  Woods  south  of  B.  <S:  O.  Railroad  and  Oak  Grove 
April  27,  1894. 

Hydrastis  Canadensis  L.  (33.)  Hyatt's  woods,  soutli  of  B.  &0.  shops.  April 
27,  1894. 

MENISPERMACE^. 

Menispermum  (^anadense  L,     (213.)     South  of  Oak  Grove.     May  18,  1895. 

KERBERIDACE^. 

Podophyllum  peltat urn  L.     (34.)     All  woods.     April  27, 1894. 
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PAPAVfiRACE.C 

Sanffninaria  Canadeims  h,  (11.)  Common.  Sanford's  woods.  £ast  of  Wash- 
ington.    April  5,  1894. 

Dicentra  Cueullaria  DC.  (20.)  Hyatt's  woo<ls,  south  of  B.  &  O.  shops.  April 
14,  1894. 

CRUCIFERiC. 

Dentaria  laciniataMiM.     (14.)     Woods  south  of  Oak  Grove.     April  5,  1894. 

Cardamine  rhomboidea  DC.  (24.)  Bretz's  pasture,  damp  places  along  branch. 
Bather  common.     April  20,  1894. 

Cardamine  rhomboidea  DC.,  var.  purpurett  Torr^  (5.^  WckkIs  south  of  B.  & 
<).  Railroad  at  Oak  Grove,  two  miles  west  of  Washington.     April  2,  1894. 

Cardamine  htrttuta  L.  (7.)  Thin  woods  along  Prairie  creek.  April  4,  1894. 
The  determination  is  apparently  correct,  but  the  specimen  sent  the  Survey  is  too 
immature  for  absolute  certainty. 

Draba  Caroliniana  Walt.  (8.)  One  specimen  found  along  fence  row,  about 
•3 J  miles  north  or  northwest  of  Washington.     April  4,  1895. 

Siuymbrium  officinale  Scop.     (145.)     Common  everywhere.     August  4,  1895. 

Brassica  nigra  Koch.     (136.)     Escaped  about  gardens,  etc.     July  29,  1895. 

Lepidium  Virffinieum  Ij.     (124.)     Common  weed.     July  29,  1895. 

CAPPARID^^CEJi:. 

Polanigia  graveolens  R&i.  (177.)  .\long  B.  «&  O.  track  in  West  Washington. 
July  4,  1895. 

VIOLACE.K. 

Vioia  palmata  L.     (47.)     San  ford's  woods.     Common.     May  4,  1894. 

Viola  palmnta  L.,  var.  mcHilaia  Gray.  (19.)  Hyatt's  woods,  south  of  shops. 
April  13,  1894. 

Viola  puhfucens  Ait.  (18.)  Hyatt's  wo<k1s,  south  (»f  B.  <&  O.  shoiis.  April 
13,  1895. 

CARYOPHYLLACEvK. 

SdjHyiiaria  officinalU  L.     (97.)     Common  along  roadsides,  etc.     July  4,  1895. 

SxUne  stdlata  Ait.  (102.)  South  of  Oak  (;rove  and  B.  iS:  O.  railroad.  July 
4,  1895. 

Sxkne  Virginical^,  (71.)  Abundant.  Woods  south  of  B.  i^  O.  Railroad,  Oak 
<ir<>ve  and  west. 
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Silene  antirrhma  L.    (305. )     Along  railroad  track  in  shop  yard.     May  11,  1895. 

Lychnis  Oithago  Lam.  ^214.)  Grain  fields;  B.  &  O.  track  at  Relay  Station. 
May  18,  1895. 

Cerastium  arrense  L.,  var.  ohlongifolium  Holl.  -and  Brit.  (42.)  Edge  of  Haw- 
kin's  creek,  southwest  of  B.  &  O.  shops.     April  27,  1894. 

PORTULACACE.*:. 

Claytonia  Viryinica  L.  (1.)  (ommon  with  Hower  parts  multiplied.  Abun- 
dant later  in  all  woods  and  meadows.     March  30,  1894. 

HYPERICACE^. 

Hypericum  mcLcvlatum  Walt.  (135.)  Koadside,  northeast  of  Washington. 
July  10,  1895. 

MALVACEiE. 

Malm  rotundifolia  L.     (288.)     About  dwellings.     September  28,  1894. 
Sida  spinosa  L.     (208. )     Weed  about  gardens  and  yards.     September  28, 1894. 
Hibiscus  lasiocarpus  Cav.     (1^1.)     Roadsides,  one  or  two  miles  north  of  W^ash- 
ington.     August  5,  1895. 

Hibiscus  mUitariii  Cav.     (162.)     Bank  of  Swan  pond.     August  5,  1895. 

TILIACE-E. 

Tilia  Americana  L.  (82.)  Bank  of  White  River,  Hyatt's.  Not  common. 
May  18,  1895. 

OERANIACEif':. 

Geranium  maculatum  L,     (31.)     Sandford's  woods.     April  27,  1894. 
Geranium  Carolinianum  L.     ^24.3.)     Wast€  ground,  side  of  streets,  etc.     May 
4,  1895. 

Oxalis  violacca  h,     (57.)     Bretz' pasture.     May  4,  1896. 

Ozalis  eomicutata  L.,  var.  slrict/t  Sav.   (52.)  Common  everywhere.  May  4, 1895. 

Jmpatienftfulva  Nutt.     (126.)    John  Hyatt's  woods.     July  10,  1895. 

CeLA8TRACE;«. 

Ewmymus  atropui'pureus  Jacq.  (175.)  Bank  of  Prairie  Creek  on  B.  &  O.  Rail- 
road.    July  4,  1895. 

RHAMNACE.E. 

Ceanothus  Americanus  L.  (103.)  Woods  south  of  B.  &  O.  Railroad  and  Oak 
Grove.     Herbaceous  above,  but  drying  down  to  wood  base  in  winter. 
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VlTACK.K. 

yUis  cordifolia  Michz.     (77.)     Close  to  White  River,  near   B.   &  O.  bridge. 
May  18,  1895. 

Sapindaceje. 

Seyundo  uctroidrt  Mocnoh.     (83.)     Near  White  Kiver,  along  or  near  B.  «5fe  (). 
track.     May  18,  18«J5. 

POLYGALACE.K. 

Polygata  Senega  \j,  (89.)  Hyatt's  woods,  south  of  B.  i^  ().  Railroad.  Also 
south  of  Oak  Grove.     May  18,  1895. 

Tri/olium  arifnae  L.     (110.)     About  old  canal,  near  B.  &  O.  Railroad.     July 

4,  1895. 

Trifolium  prateiife  L.     (237.)     W^aste  places,  roadsidefi,  etc. 

Pelalostemon  violaeeug  Michx.     (165.)     Roadside,  Swan  pond   road.     August 

5,  1895. 

Bobinia  Pteudacaciu.     (56.)     Bretz*  pasture.     May  8,  1895. 

Dtmiodium  nudiflorum  IK',  (14*2.)  Woods  south  of  Oak  Grove,  and  all  woods. 
A  nuisance.     July  29,  1H95.     (223.)     Fruiting  specimen,  August  10,  1895. 

Detftnodium  acuminatum  DC.  (143.)  Woods  south  of  B.  i^  O.  Railroad  and 
Oak  Grove.     July  29,  1895. 

De.*mfjdium  paucijionim  DC.  (174.)  Woods  two  miles  east  of  W^ashington. 
July  16,  1895. 

Ofrcw  Conadeiuis  L.     (28.)     South  of  Oak  (irove.     Aj^ril  23,  1894. 

Cassia  Marilandiai  !>.  (141.)  Woo^ls  south  of  B.  <&  O.  Railroad  at  Oak  Grove. 
July  29,  1895. 

Ctusia  Chanufcrifta  K  (144.)  Woods  south  of  Oak  (irove  and  B.  &  O.  Rail- 
road.    July  29,  1895. 

(tleditsehia  triacanthoA  L.  (13H. )  Near  Washington ;  no  s)>ecial  iiabitat.  July 
29,  1895. 

R08ACE.K. 

Pnmus  sei'otirui  Khrh,     (43.)     Bret z*  pasture.     May  4,  1894. 

Spinra  lomentusa  L.  (155.)  Woo<l8  south  of  Oak  (irove  and  B.  &  O.  Railroad. 
July  29,  1895. 

Qeum  album  (imelin.     (130.)     Very  common  in  moist  woods.     July  10,  1895. 

Frayaria  Viryiniatia  Mill.,  var.  IlHnoensts  Gray.  Railroad  track  and  woods 
south  of  Oak  (irove.     May  11,  1895. 
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PoUntilla  Canadensis  L.     (44.)     Bretz'  pasture.     May  4,  1894. 
Aifrimnnia  Eupatoria   L.     (149.)     Woods  south  of  B.  «.^  O.  Railroad  and  Oak 
C4rove.     July  29,  1895. 

Rf)sa  humih's  Marsh.     (180.)     South  of  Oak  Cirove.     July  10,  1895. 

SAXlPRACiACK-K 
Hydrangea  arhore^icenn  L.     (12S).     Sanford's  woods.     July  10,.  1895. 

(/RAS8ULACK.*:. 

Penthoi-um  nedoides  h,     (168.)     (Jrassy  pond.     August  5,  1895. 

Lythrace.k. 

Lythnnn  alatum  VutqU.  (101.)  Two  miles  east  of  Washington  on  B.  &  O. 
Railroad.     July  4,  1895. 

Onagrace.k. 

(FnotherafruticoM  L.     (151.)     Woods  south  of  Oak  Grove.     July  29,  1895. 
Ciiom  Luieiiana  \u     (113.)     John  Hyatt's  woods.     July  13,  1895. 

( 'UCURBITACE-*:. 

Echinocyafin  htbatn  Torr.  and  (iray.  (275.)  Along  ditch  south  of  B.  &  O. 
shops,  Septenil>er  28,  1894. 

Umrellifer.k 

Dau4^m  Carota  L.  (93.)  Along  ditches  l)eside  B.  &  O.  tracrk.  May  18,  1894. 
(210. )     Along  B.  it  O.  track.     September  28,  1894. 

Zhia  aurea  Koch.  (92.)  Along  railroad  track,  edge  of  woods  west  of 
Washington.     May  18,  1895. 

Erigenia  bulbom  Nutt.  (2. )  Beech  woods,  Hyatts,  just  south  of  B.  «V  O.  shops. 
March  30,  1894. 

(  ORNACE.K 

Cornm  jlorida  L.  (35.)  Rather  common.  Hyatt's  woods,  south  of  shops. 
Some  with  pink  involucre,  April  27,   1894. 

Capri  KOLiACE.K. 

Trioafeum  angu^fifolium  Ij.     (254.)     Hyatt's. 
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KUBIACE.K. 


(J(phulan^iis  occidentaliH  h.  (111.)  Bank  of  Prairie  Creek  and  B.  A  <).  rail- 
road.    July  4,  1895. 

^ptitnacfjce  glabra  Michx.  (170.)  On  side  of  Swan  pond  road.  AugUHt  o, 
1895. 

GaiiiiiH  r I r( (rums  ^livhx,     (188.)     South  of  Oak  (i rove.     May  18,  1895. 

Gahum  tnjidninlj,  (T-iO.)  Woods  south  of  Oak  Grove.  Coniinon.  July  and 
August. 

(talium  concinHum  Torr  and  (iray.  (181.)  South  of  B.  <&  O.  railroad  at  Oak 
Grove.     June  29,  1895. 

COMPOJ-ir.K 

ElrphuntopuH  Cufoiiitianui*  Willd.  (22().)  Woods  south  of  B.  A  O.  railroad  at 
Oak  (Jrove.     August  10,  1895. 

Vennrnia  fai*cirulata  Michx.     (273.)     Fields  and  roads.     Sej)teniber  28,  1895. 

EvjHttorium  purpureum  L.  (225.)  Woods  south  of  Oak  Grove  and  B  i\:  O. 
railroad.     Six  to  eight  feet  high.     August  10,  1895. 

Eupatonuin  purfoUatum  L.  (221.)  W<»ods  south  of  Oak  Grove.  August  10, 
1895. 

EvfHttoi'inm  ageralmden  L.  (200.)  Woods  south  of  Oak  (trove.  September 
28,   1894. 

Etipatorium  cnlttttinuni  L.  (232.)  Near  B.  «&  O.  shops,  and  in  other  places. 
August  22,  1895. 

Solidago  ranaL.     (199.)     Woods  south  of  Oak  Grove.     September  28,  1895. 

'Solidago  Oinadeima  L.  (274.)  Waste  fields,  fence  rows,  etc.  September  28, 
1894. 

As^ter  hnix  L.  (199  and  283.)  Field  west  of  B.  iS:  O.  shops.  September 
28,   1894. 

Autennaria    pUuitagiiii/olia    Hook.       (25.)      Abundant    in    patches.      Brctz's 

pasture.     April  20,   1894. 

Gnaphali  It  in  poiyccphalum  Michx.  (20<>.)  Field  west  of  Wasliington.  Septem- 
ber 28,  1894. 

Ambrosia  art€mii<%nfolia  L.     (279.)     Fields  everywhere.     September  28,  1894^ 

Hflwp»ifi  hpi'U  Pers.    (191.)    Woo<ls  south  of  Oak  Grove.    September  28,  1894^ 

Rtidbeckia  hirta  L.     ^179  and  190.)     Woods  south  of  B.  &  O.  Railroad  and  at. 

OakCJrove.     Julv  4,  1895. 

Helianthua  dimricatuA  L.     (156.)     Woods  south  of  B.  &  O.   Railroad  and  at 

Oak  Gr«»ve.     Julv  29,  1895. 
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Helianthm  hirsuliuf  Raf.     (271.)     Woods  south  of  Oak  Grove.      July  29,  1895. 

IfelianJhujf  dfcapetalus  L.    (247.)    Woods  south  of  Oak  Grove.    August  15,  1895. 

Bidetis  connatn  Muhl.    (194. )    Woods  south  of  Oak  Grove.    September  28,  1895. 

Helenium  auiumnale  \j.  (204.)  Railroad  track  near  Oak  Grove.  September 
28,  1894. 

Achillea  Millefolium  L.  (212.)  Along  railroad  near  Oak  Grove.  Common 
along  roads.     August  4,  1895. 

Chi-ysanthemum  Leueanthemum  L.  (94.)  Railroad  bank,  west  of  Oak  Grove. 
Edge  of  woods.     June  8,  1894. 

Tanncetum  rubjare  L.  (159.)  Roadside,  about  one  mile  north  of  West  Wash- 
ington.    August  5,  1895. 

Senecio  avreuA  L.     (88.)     Hyatt's,  south  of  B.  &  O.  Railroad.      May  18,  1895. 

CacaJia  atriplia/olia  L.  (158.)  Woods  south  of  B.  &  O.  Railroad  and  Oak 
Grove.     July  29,  1895. 

Arctium  Lnppa  Ij.     (236.)     Waste  places.     August  16,  1895. 

Cnieu^  I aiiceoUttui<  Ho ffm.     (239.)     Vacant  lots,  etc.     August  16,  1895. 

Cnicwf  alti^simus  WilKl.  (192  and  272.)  Railroad  track  west  of  shops.  Sep- 
tember 28,  1894. 

Krigia  ampfericaulis  Nutt.     (66.)     Woods  south  of  Oak  (irove.     May  11,  1895. 

Lacluca  Canadensis  L.  (281.)  Along  fence  rows,  etc.  September  28,  1894. 
No.  137  also  in  all  probability  belongs  here,  although  the  form  is  too  immature 
for  accurate  determination. 

I>OBELlACE.+:. 

Lobelia  cardinal  is  h.     (163.)     E^lge  of  Swan  pond.     August  5,  1895. 

Lobelia  syphilitica  L.  (188a.)  On  same  sheet  witb  No.  188  and  probably  the 
same  data. 

Lobelia  puberula  M'whx.  (188  and  205. )  Yard,  corner  E.  6th  and  Vantrus 
Stft.;  near  ditch  west  of  shops.     September  28,  1894. 

Lobelia  injiata  L.     (148.)     Woods,  south  of  Oak  Grove.     July  29,  1895. 

CAMPANULACEiK. 

Specnlaria  jier/oliata  VX\  (219.)  Side  bank  of  B.  tSt  O.  track  at  Hyatt's.  June 
15,  1895. 

Campanvla  Americana  L.     (114.)     John  Hyatt's  woods.     July  17,  1895, 

Prlmitlace.*:.. 

Steironema  ciliatum  Hni,  (100.)  Hyatt's  woods  and  B  <fe  O.  tracks.  July  4, 
lSt»5. 
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APOCYNACEiE. 

Amsonia  Tabemamontana  Walt.  (86.)  Abundant  along  Prairie  Creek,  south 
of  B.  &  O.  tracks.     May  18,  1895. 

Apocynum  eannabmum  L.     (176.)     Along  railroad  in  wet  places.     July  4,  1895. 

AaCLEPIADACE.*:. 

Asclepias  tuberoaa  L.  (109.)  Common  south  of  Oak  Grove,  and  B.  &0.  Rail- 
road.    July  4,  1895. 

Asckpias  purpuroiicens  L.  (186.)  South  of  Oak  Grove  and  B.  &  O.  Railroad. 
June  1,  1895. 

AaciepUiM  ineamota  L.     (266.)     John  Hyatt^s  woods.     July  14,  1895. 

AftciepicuK  ComiUi  Decaisne.    (263.)    Along  B.  &  O.  Railroad,  West  Washington. 

Aselepicu  variegata  L.  (185.)  South  of  Oak  Grove  and  B.  &  O.  Railroad. 
June  1,  1895. 

POLEMONIACEiE. 

Phlox  paniculata  L.  (115.)     John  Hyatt's  woods.     July  13,  1895. 

Phlox  glaberrima  L.  (183.)  Open  woods,  one-half  mile  west  of  Oak  Grove. 
June. 

Phlox  pilona  L.     (60.)     South  of  Oak  Grove.     May  11,  1895. 

Phlox  divaricata  L.  (15.)  C-ommon,  woods  south  of  B.  &  ().  shops.  April 
13,  1894. 

Poletnonium  reptatis  L.     (53.)     Bretz' pasture.     May  4,  1895. 

Hydrophyllace.«. 

Hydrophyllum  append iculatum  Michx.  (304).  Hyatt's  woods,  south  of  B.  & 
O.  shops.     June  1895. 

Phacelia  bipmnatifida  Michx.  (32.)  Hyatt's  woods,  just  south  of  B.  &  O. 
:shops.     April  27,  1894. 

BORRAGINACEJi:. 

Helwtropium  Indicium  L.  (228.)  Roadside  three  miles  north  of  Washington. 
August  5,  1895. 

Cynogloesum  Virffinicum  L.  (63.)  Woods  south  of  railroad  at  Oak  Grove. 
May  II,  1895. 

Echinogpermum  Virginicum  Lehm.  (258.)  Woods  two  miles  east  of  Washing- 
ton.    July  16,  1895. 

Lithospermum  caneneens  Lehm.  (252.)  South  of  Oak  Grove,  near  railroad 
track.     May  11,  1895. 

12 
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CON  VOLVULA<  'E.«. 

Ipomff^a  purpurea  Lam.  (289.)     Gardens,  etc.     September  28,  1894. 

BOLANACE^. 

Solanum  nigrum  \j.     (140.)     Common  about  yards.     July  29,  1895. 

Solanum  Carolineuse  Ij.     (276.)     Waste  places.     September  28,  1895. 

Phyaalis  Fh'dadelphica  Lam.  (91.)  Along  B.  &,C).  Railroad  and  in  woods 
south  of  Oak  (Tiove. 

Phymlis pnbescenn  h,     (139.)     About  yards.     July  29,  1895. 

Datura  iStramanium  Ij,     (230.)     Near  Washington.     September  28,  1895. 

Datura  Tatula  L.  (229.)  Near  Swan  Pond.  Not  so  common  as  No.  230. 
August  5,  1895.  As  Mr.  Clements  confused  the  two  species  the  inference  is  that 
TattUa  is  the  abundant  form. 

8CR0PHULARI  ACE  JC. 

Verba^um  Blattaria  L.     (134.)     Common  in  wasta  places.     July  10,  1895. 

Linaria  vulgaris  Mill.  (244.)  Common  weed,  lot8  and  streets,  September 
10,  1895. 

Srrophnlaria  nodosa  L.,  var.  Marilandiea  Gray.  (70.)  Oak  Grove  on  railroad 
track.     May  18,  1895. 

Pentstemon  puhescens  Solsiuder.     (189.)     Railroad  track  south  of  Oak  Grove. 

Pentstemon  Ifpvigatus  Solander,  var.  JHgitalia  Gray.  (216.)  Hyatt's.  Wet 
places.     June  6,  1895. 

Mimului*  alutuH  Ait.  (164.)  Prairie  Creek  bridge,  Swan  Pond  road.  August 
5,  1895. 

Veronica  Virginica  L.  (95.)  Along  B.  i*fe  O.  railroad,  two  miles  west  of  W^ash- 
iigton.     July  4,  1895. 

Veronica  peregrina  h,     (22.)     Bretz's  pasture.     April  14,  1894. 

Oerardia  querei/olia  Pursh.  (171.)  Woods  south  of  B.  <&  ().,  and  Oak  Grove. 
Flowers,  lemon-color.     Plant,  six  to  eight  feet  high.     August  10,  1895. 

Gerardia  purpurea  L.  (193).  Woods  south  of  Oak  Grove.  September  28, 
1894. 

BIGNONIAC  :JE. 

Teeoina  rudicam*  Juss.  (96.)  Along  B.  &  O.  tracks,  west  of  Washington.. 
Ju'y  4,  1895. 
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ACANTHACE^f!:. 


RufHia  ttrepem  L.     (303.)     Abundant  alon;;  Prairie  Creek  at  HyattV     May 

IH,  1SI)5. 

VERBENAi'E.K. 

• 

Vtn'hena  uitictrfolia  L.  (285.)  C-oniinon  weed  in  waste  places.  September  28, 
1894. 

Verbena  angmtifoliaWvvXxx.  (119.)  Along  railroad  track  east  of  Washington. 
July  1(5,  1S94. 

Verbena  ha»Uita  L.  (270.)  Yard  of  B.  &  O.  shops.  August,  1895.  (132.> 
Wi!son*8  woods;  wet  i>Iace8. 

Verbena  tttricfa  Vent.  (133.)  Common  plant  along  railroad  and  in  vacant  lots. 
Julv  10,  1895. 

Verbetia  broeteom  Michx.     (125.)     Growing  along  sidewalks,  etc.     July  31, 
181>5. 

Lippia  lanreolata  Michx.  (122.)  Common,  growing  along  grassy  fences  and 
in  pastures.     July  and  August. 

Phryma  Leptostachya  L.     (131.)     San  ford's  woods.     July  10,  1895. 

Labiat.*:. 

Tcucrium  Caimdrnse  L.  (lOti. )  South  of  B.  &  ().  Railroad  and  Oak  Grove. 
July  4,  1895. 

Mentha  piperita  \ J.     (150.)     Along  railroad  tracks.     July  29,  1895. 

Lycopwu^rnbfUuA  Moench.  (277  and  291.)  Field  wc»j«t  of  B.  i<:  ()  shops.  Sep- 
tember 28,  1894. 

Pycnanthemum  ianrfotatum  Pursh.  (173.)  Abundant  in  waste  lands  two 
miles  east  of  Washington.     July  16,  1895. 

Monanh  (iMitlfwi  \j.     (105.)     Woo<ls  south  of  Oak  (irove.     Julv  4,  1895. 

Blepkilia  hirAtita  IWnth.  (129.)  Wilson's  woods,  along  branch  east  of  Wash- 
ington.    July  10,  18!^. 

Xepfttt  GIfchoinn  IWnth.  (64.)  West  Eighth  Street  and  B.  cS:  O.  track.  May 
11,1894. 

Smteliaria  Interijlorn  L.     (169)     Near  Swan  Pond.     August  5,  1895. 

^uteUaria  raufsct-ns  Nutt.     (107.)     Wooils  south  of  Oak  (irove.     July  4,  1&95. 

ScHtdlaria  ntrntsa  V\irn\i.     {QH.)     W\>ods  south  of  Oak  (i rove.     May  11,  1895. 

Brunelta  vHhjoris  L.     (153.)     South  of  B.  A  O.  at  Oak  <  Jrove.     July  2t»,  1895. 

Marnihium  vnlgdrt^  L.     (168.)     Swan  Pond.     August  5,  1895. 

Lftmium  nmpt*'xic(tiLle  Ij.  (248.)  Side  of  northeast  Sixth  Street,  near  Walnut. 
May  11,  1895. 
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I LLWEBRACE.*:. 


Antffhia  diehotoma  Mirlix.  (121.)  South  of  B.  <!fe().  railroad  at  Oak  Grove> 
in  edge  of  woods. 

Anycliid  capHlana  IK'.      (2G4.)     South  of  Oak  (irove,  near  railroad. 

Amarantack.k. 

AmarantUif  rffrojiexus  h,     (234.)     Gardens,  yards,  etc.     July. 
Amarantun  albita  L.     (211.)    Weed  about  gardens.     September  28,  1804. 
Amat(intu)*  spinotfus  L.     (200.)    Weed  in  all  gardens,  etc.    September  28,  1894. 

ClIKN(»POI>IACE.*:. 

ChcjiojHKliitm  album  L,     (200.)     Common  weed.     September  28,  1894. 

PHYTOLACCArE.K. 

Phytolacca  (It&mdni  L.     (147.)     Common,  roadsides,  etr.     July  29,  1895. 

POLYOONACE.K. 

Ruintx  lintannicah.     (238.)     Waste  places.     August  1(5,  1895. 

Rumcf  Acctosella  L.  (60.)  Common  everywhere  in  waste  places.  May 
18,   1804. 

Polygonum  Pfunsylvanicuiii  \.,     (286.)     Yards,  etc.     Sej)tember  28,  1894. 

Polygonum  on'fntale  L.     (285.)     Escaped  from  yards.     August  16,  1805. 

Polygonum  Virginianum  L.  (146.)  Woods  south  of  Oak  (Jrove  and  B.  &  O. 
Railroad.     July  20,  1805. 

Polygonum  dumftorum  L.,  var.  sr«»c/en«  (Jray.  (117.)  John  Hyatt's  woods 
and  E.  it  I.  Railroad.     July  13,  1804. 

ArISTOLOCH  I  ACK.K. 

Amruin  Canadin^te  L.  (85.)  South  of  B.  <S:  O.  tracks  at  Hyatt's.  Not  com- 
mon.    May  18,  1805. 

Santalace.k. 

Comandra  nmhellata  Nutt.  (240  and  306.)  Woods  suutli  of  Oak  (irove,  where 
woods  run  into  a  h)W,  grassy  place.     May  11,  1805. 

El'PHORBlACE.*:. 

Euphorbia  Predit  (iuss.     (280.)     Weed  in  waste  places.     September  28,   1804. 
Euphorbia  corollata  L.     (154.)     Common  along  banks  of  B.  A  O.  Railnmd  and 
woods  south  of  Oak  (irove.     Julv  20.  1895. 
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Ubticace^.. 

Ixiportea  Qmadensis ijAudichfiud,    (116.)    John  Hyatt's  woods.    July  13,  1^95. 
Bithmeria  qflindrica  y^iWd,     (267.)     John  Hyatt's  woods.     July  13,  1895. 
Parietaria  Pennsyvlaniea  Muhl.    (267u. )     John  Hyatt's  woods.    July  13,  18^J5. 

iRIDACfU::. 

Iris  versicolor  L.  (72.)  First  pond  beyond  Onk  Ctrovc,  south  of  B.  &  O. 
tracks.     May  18,  1894. 

Belamcanda  Chxnensi*  Adans.  (127.)  In  pasture  on  Sanford's  farm.  July 
10,  1895. 

Sisifrinchium  anffusti/olium  Mill.  (90.)  Prairie  Creek,  west  of  Washington. 
May  18,  1895. 

A  M  A  R  Y  LLl  DACEiC. 

Ayave  Virffiniea  L.  (233.)  Near  B.  &  O.  Railroad,  two  miles  east  of  Wash- 
ington.    Six  to  seven  feet  high.     July  16,  1895. 

D10SCOREACE.B. 

Dioscorca  vUlosa  L.  (59.)  Woods  south  of  B.  <&  O.  Railroad  and  Oak  ( Jrove.. 
May  11,  1894. 

LlLIACE^. 

Smilax  htrbacea  L.  (45.)  Sanford's  woods.  Common  in  all  woods.  May 
4,  1894. 

Smilax  I^iido-China  L.  (78.)  A  vine  covering  a  small  tree.  Bank  of 
White  River,  north  of  B.  &  O.  track.     May  18,  1894. 

Allium  Canaderme  Kalm.  (75.)  Prairie  Creek,  south  of  B.  &  ().  Railroad. 
May  18,  1894. 

Cania»9ia  Fraseri  Torr.  (76.)  Prairie  Creek,  south  of  Oak  (irove.  May 
18,  1894. 

Polygonatvm  bijlonnn  Kll.     (61.)     Woods  south  of  Oak  Orove.     May  11,  1894. 

Polygonatum  yigantcum  Dietrich.  (253.)  Beside  railroad  track  near  Oak 
Grove.     May  18,  1895. 

AnparatjuH  officinalis  L.  (160.)  About  one  mile  north  of  West  Washington. 
August  5,  1895. 

Smilacina  racemom  Desf.     (46.)     San  ford's  woods.  ^May  4,  .1^4. 

Uvula ria  gramli flora  J .  E.  Smith.  (23.)  Woods  south  of  Oak  Grove.  April 
21,  1894. 

Erythronium  Americanum  Ker.  (19a.)  Hyatt's  woods,  south  of  B.  &  O.  shops.. 
April  14,  1895. 
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Erythronium  albidum  Niilt.  (16.)  Woods  80uth  of  B.  &  O.  shops.  April 
13,  1894. 

TriUiwn  semle  L.  (74.)  Hyatt's,  south  of  B.  &  O.  Railroad.  Not  coDimon 
in  this  vicinity.     May  18,  1894. 

Tnllium  recurvatum  Beck.     (21.)     Comnion  in  most  woods.     April  20,  1894. 

Trillium  erectum  L.     (30.)     East  of  Washington.     April  26,  1894. 

COMMELINACEiE. 

Trculeseantia  Virginica  \j.  (62.)  Common.  Railroad  bank  and  woods  south 
of  Oak  Grove.     May  11,  1894. 

Araceje. 

Arunmia  triphylium  Torr.  (38.)  Hyatt's  woods,  south  of  B.  &  O.  shops. 
April  27,  1894. 

ArifHEma  Thacontium  Schott.  (73.)  Prairie  Creek,  south  of  B.  &  O.  Railroad. 
May  18,  1895. 

Alismaceji:. 

Sagittaria  variahilU  Kngelm.  (24o.)  Ditch,  south  of  B.  &  O.  shops.  Sep- 
tember 10,  1895. 

Cyperace.b. 

Cyperus  stngosM  L.     (202.)     Along  ditch,  west  of  shops.     September  28,  1895. 

Carfx  GraytV  Carey.  (liOO.)  Wet  places  near  B.  <&  O.  Railroad  at  Hyatt's, 
May  18,  1895. 

Carer  Shortiarui  Dewey.  (301.)  Hyatt's,  near  B.  &  O.  Railroad.  May 
18,   1895. 

Carer  crinita  Lam.     (217.)     Hyatt's.     June  6,  1895. 

Carex  teretiuscula  Gooden.     (302.)     Wet  jilaces  near  Hyatt's.     May  18,  1895. 

(iRAMINE.f:. 

Paninim  microcarpon  Muhl.  (308.)  Two  miles  east  of  Washington.  July 
4,  1895. 

Cenchnts  trihvloides  L.     (201.)     Along  railroad  tracks.     September  28,  189^. 
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Noteworthy  Indiana  Phanerwjams.     By  Stanley  ("otlter. 

The  ruling  of  the  directors  of  the  Survey  that  no  forna  should  be  admitted  to 
the  catalogue  of  the  flora  of  the  State  unless  verified  by  actual  specimens  has  led 
me  as  far  as  possible  to  secure  first  exceptional  forms  of  limited  range,  in  the  hope 
that  by  a  puHication  of  the  data  concerning  them  the  attention  of  collectors  might 
be  dirccte<l  to  them,  and  our  knowledge  of  their  distribution  within  the  State  be 
increased.  'J  he  most  notable  collection  of  these  exceptional  forms  that  has  come 
into  the  possession  of  the  Survey  was  that  received  from  Kev.  E.  J.  Hill,  of  Engle- 
wood,  111.,  embracing  163  species.  All  of  the  specimens  were  of  extreme  interest, 
and  many  of  them  re|)resented  the  sole  record  for  the  State.  The  following  notes 
are  based  very  largely  upon  tliis  collection,  and  most  of  the  forms  represent  a 
southern  extension  of  northern  forms.  It  should  be  remembered,  however,  that, 
until  we  have  a  full  knowledge  of  the  isotherms  of  our  country,  statements  as  to 
''southern  limit"  and  "northern  limit  "are  merely  terms  of  convenience,  and  do 
not  necessarily  involve  any  real  extension  of  range. 

A  fuller  knowledge  of  natural  drainage  systems,  of  prevailing  winds  at  vary- 
ing seasons  and  of  numerous  other  physical  conditions  is  necessary  before  we  can 
properly  undertake  a  definite  limitation  of  the  range  of  any  plant  form.  In  a 
limited  area,  in  which  there  is  a  definite  organization  (»f  work,  it  is  jjossible  to 
<letermine  manv  of  these  conditions  and  bv  their  record  add  much  to  the  ease 
with  which  some  of  the  problems  of  geographical  distribution  may  be  solved. 

Another  feature  emphasized  by  this  ))a]:)er  is  the  extreme  importance  of  long- 
continued  collections  in  the  same  region.  The  work  of  Mr.  Hill  in  Lake  County 
covers  a  iKriod  of  twentv  vears  and  has  resulted  not  onlv  in  the  addition  of  manv 
new  forms  to  the  State  flora  but  in  a  thorough  botanical  knowledge  of  that  jmrtion 
of  the  State.  The  work  of  Mr.  Van  (iorder  in  Noble  County,  extending  through 
ten  yea's,  has  shown  similar  results.  Many  problems  which  present  themselves 
can  only  be  solved  by  work  of  this  kind.  The  tendency  of  collectors  in  the  j)ast 
work  of  the  State  luis  l)een  to  cover  large  areas,  rather  than  to  study  closely  some 
definite  regions.  Closer  attention  should  be  given  by  all  collectors  throughout  the 
State  to  mass  distribution,  as  distinguished  from  the  station  at  which  the  collec- 
tion is  made,  and  also  to  the  collection  of  fruiting  specimens. 

A  somewhat  careful  study  of  our  State  flora  leads  me  to  believe  that  many 
forms  may  be  added  if  a  more  careful  study  is  made  of  our  n)arsh  and  lake  forms 
and  of  those  groups  which  are  of  difficult  discTimination.  Special  studies  should 
also  be  made  during  the  coming  season  of  definitely  characterized  regions,  as,  for 
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example,  of  the  flora  of  lime  stone  cliffs,  of  clay  soils,  of  sand  hills,  etc.  The 
work  neede<l  is  not  so  iniich  a  collection  of  plants  as  a  collection  of  fact*  verified 
by  plants. 

In  the  following  notes  1  have  not  in  all  cases  referred  to  Mr.  Hradner^s  list  of 
the  plants  of  Steuben  County,  because  I  have  had  no  opportunity  to  examine  his 
collections.  The  references,  save  as  indicated  in  the  notes,  are  to  material  in  the 
possession  of  the  Survey.  A  large  number  of  interesting  forms  of  Cyperatetr  and 
Gmmineiv  have  been  omitted,  because  our  knowledge  (jf  the  distribution  of  these 
forms  in  the  State  is  too  scant  to  justify  any  conclusions  concerning  them. 

Cardamine  pratensia  L.  This  rare  Northern  plant,  which  was  included  in  the 
State  catalogue,  but  of  which  no  specimen  had  been  preserved,  is  now  definitely 
reported  with  verifying  specimens  from  two  localities.  Wet  banks  of  Calumet 
Kiver,  Miller's,  Lake  Co.,  June  (i,  IHUS  (E.  J.  Hill);  Section  5,  York  Tp.,  Noble 
Co.,  May  28,  18'.>4  (W.  B.  Van  (iorder).  Mr.  Van  (ronler  sent  me  specimens  of 
this  plant  last  June,  at  which  time  I  determined  it  to  be  C.  prateiuds  L.,  a  deter- 
mination which  was  later  confirmed  by  a  careful  comparison  with  the  material  in 
the  (Ira v  Herbarium  at  Harvard  Universitv.  Under  date  of  Noveml^er  6,  1895, 
Mr.  Van  (iorder  writes  as  follows: 

'^Cardamine  prateniim  L.  grows  plentifully  on  a  tract  of  wet  land,  three  or  four 
acres,  in  section  5,  York  Tj).,  No])le  (.'o.  This  tract  is  a  part  of  the  Elkhart 
liiver  flat.  I  had  seen  the  plant  for  several  years,  and  at  a  distance  thought  it 
C.  rhoinboidm  DC.  This  last  spring  it  was  dry  enough,  and  passing  the  place  I 
determined  to  know  for  sure.  It  flowers  from  May  15  to  June  10.  The  specimen 
sent  vou  was  collected  Mav  28." 

The  manual  range  of  the  plant  is,  '*  Wet  places  and  bogs,  Vt.  to  N.  J.,  Wis., 
and  northward;   rare." 

The  following  local  references  which  I  was  able  to  collate  while  at  the  Gray 
Herbarium  during  the  past  summer  may  serve  to  show  the  interest  which  attaches 
to  this  plant  as  a  memb«r  of  the  Indiana  flora: 

State,  (Indiana)  Catalogue^  etc.     Lake  Co.     P.  3. 

Flora  of  Michigan.  Wheeler,  C.  F.,  and  Smith,  E.  F.  "Bogs."  Rare  S., 
fre<|uent  in  C.  and  common  N.     P.  14. 

Flora  of  MinncAota,  Warren  Upham.  Lake  Superior  to  sources  of  Missis- 
sippi.    North.     (Houghton.)     P.  24. 

Flora  of  Nebraska.     Samuel  Aughey.     Includes  without  note.     P.  <j. 

Flora  of  Iowa.     J.  C.  Arthur.     Does  not  include. 

Preliminary  Catalogue  of  Anthophyta  and  Pteridophyta^  etc.  Torrey  Botanical 
Club. — Includes  without  note. 
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Catalogue  of  Plants  of  New  Jersey.  N.  L.  Britton. — Cedar  swamp  at  New  Dur- 
ham.    Rare.     P.  8. 

Catahijue  of  Xatii^e  and  Naturalized  Plants  of  the  City  of  Buffalo  and  Its  Vicinity. 
David  F.  Day.— Rare.     S.  E.  portion  of  Buffalo,  near  West  Seneca.     P.  18. 

Flora  of  Cook  Co.,  III.,  and  Part  of  Lake  Co.,  Ind.  Higley,  Wm.  K.,  and  Rad- 
din,  Chas.  S.— Calumet  River,  near  Miller's,  Ind. — Rare.  April.  (Bastin  and 
Hill.)  P.  1).  This  reference  is  evidently  based  upon  the  collection  of  Mr.  Hill 
cited  supra. 

Plants  of  Illinois.     H.  N.  Patterson. — Does  not  include. 

Flora  Peoriana  (HI.).     Frederick  Brendel. — Does  not  include. 

Higher  Seed  Plants  of  Minnesota  Valley.  Conway  Macmillan. — Does  not  in- 
clude. 

Catalogue  of  Canadian  Plants.  John  Macoun. — "Wet,  swara|>y  meadows, 
Labrador;  St.  Patrick,  Charlotte  Co.,  N.  B.;  vicinity  of  Prescott  Junction,  three 
miles  south  of  Ottawa;  wet  meadows  and  swamps,  Hastings  Co.,  Ont.;  WhLskey 
Island ;  CJeorgian  Hay ;  Hudson's  Bay ;  throughout  Arctic  America  and  (rreen- 
land." 

Manual  and  Instructions  for  Arctic  Ezpediiianj  1895.  Hooker,  on  arctic  plants, 
p.  203,  says:  "The  most  arctic  plants  of  general  distribution  that  are  found  far 
north  in  all  the  arctic  areas  are  the  following;  all  inhabit  the  Parry  Islands  or 
Spitzbergen  or  both."  A  list  of  fifty-three  plants  is  given,  including  Cardamine 
pratetms  L. 

On  page  226,  the  range  of  this  form  is  given  as  "from  Mackenzie's  River  to 
Baffin's  Bay.     Throughout  Arctic  Greenland." 

In  same  volume,  page  244,  the  following  note  concerning  this  form  is  given 
by  James  Taylor:  "  Cardamine  praiensis  L.  Flowers  June-July.  East  side  Disco 
Island.     Altitude,  200  feet.     North  lat.,  69°  10';  \\.  long.,  M°  30^" 

In  the  various  catalogues  of  the  New  England  States  it  is  usually  included 
with  the  statement,  "chiefly  found  in  the  northern  part." 

From  these  citations  it  will  be  seen  that  the  Indiana  stations  mark  the  south- 
ern-central limit  of  this  true  arctic  form,  which  in  all  probability  found  its  way 
southward  during  the  glacial  period. 

Arahitf  lyrata  L.  "Dry,  sandy  ground,  Miller's,  Ind.,  June  6,  181K^."  (E.  J. 
Hill.)  Reported  also  from  Laporte  County,  presumably  upon  authority  of  Dr. 
Barnes,  and  included  in  Bradner'g  flora  of  Steuben  County.  The  form  in  general 
is  a  northern  one  in  its  mass  distribution,  although  extending  south  along  the 
mountains  as  far  as  Kentucky.     Its  local  distribution  will  probably  be  found  to- 
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be  limited  to  the  northern  portions  of  the  State,  and  its  occurrence  there  can  only 
be  expected  in  exceptionally  favorable  localities. 

HucUonia  tumentoMt  Nutt.  "Sand  hills,  Miller's,  Ind.,  June  20,  1893."  (E.  J. 
Hill.)  This  strikinf^  form  has  as  yet  its  only  station  as  indicated.  It  is  so  unlike 
the  ordinary  phanerogam  of  Indiana  that  it  could  scarcely  have  escaped  notice  if 
it  was  of  any  wide  distribution.  The  range  of  the  plant  is  * 'sandy  shores,  Maine 
to  Md.,  and  along  the  Great  Lakes  to  Minn.,  rarely  on  streams  inland."  It  is 
therefor^  probable  that  its  distribution  in  Indiana  is  extremely  restricted. 

Luchea  thymifolui  Michx.  ''Sandy  ground,  Tolleston,  Ind.  Flowers  collected 
Sept.  ](',,  1882;  fruit,  Oct.  1,  1881."  This  is  the  only  record  for  the  species, 
and  if  the  determination  holds  good,  is  a  rather  peculiar  extension  of  range. 
The  assigned  range  is  "dry  grounds  near  the  coafit,  E.  Mass.  to  Fla."  The  refer- 
ence is  apparently  accurate,  but  on  account  of  tlie  well-known  difficulty  of  dis- 
crimination between  the  species  of  this  genus,  I  am  unable  to  feel  absolutely  cer- 
tain in  the  absence  of  authenticated  specimens  for  comparison.  The  authority  of 
Mr.  Hill,  however,  is  sufficient  to  retain  the  plant  in  the  State  list  until  oppor- 
tunity occurs  f«  r  comparison  with  forms  from  the  east. 

Arenaria  yikhau x li  WooV..  f.  "Dry  sands,  Clark,  Ind.,  June  13,  1893."  (E. 
J.  Hill.)  There  seems  to  be  no  special  reason  why  this  species  should  not  be 
found  generally  distributed  throughout  the  State,  although  as  yet  this  is  the  only 
station  recorded.  The  known  range  of  the  plant  easily  includes  Indiana,  and  it 
should  be  looked  for  throughout  the  State. 

Arenaria  hterijiora  L.  "Dry  woods.  Miller's,  Ind.,  June  20,  1893."  (E.  J. 
Hill.)  This  si)ecies  was  reported  by  Dr.  \.  J.  Phinney  in  his  list  of  plants  of 
the  region  covering  Jay,  Delaware,  Randolph  and  Wayne  counties.  He,  how- 
ever, secured  no  verifying  specimen.  The  Lake  County  collection,  however, 
serves  under  the  rules  of  the  State  to  give  the  species  a  place  in  the  Hora  of  Indi- 
ana. It  is  probable  that  the  plant  will  be  found  to  occur  only  in  the  eastern  and 
northern  counties  of  the  State,  its  general  range  being  northward. 

Hypericum  Kalmianum  L.  "Wettish  sands,  Tolleston,  Ind.  Flowers  col- 
lected June  29,  1880;  fruit,  September  3,  1880."  (E.  J.  Hill.)  A ls<3  collected  at 
Laporte  by  Dr.  C.  R.  Barnes.  This  species  is  evidently  limited  to  the  northwest- 
ern counties  of  the  State  and  will  probably  not  be  found  much  beyond  the  lake 
region.     The  assigned  range  is  Niagara  Falls  and  northern  lakes. 

Linum  su'rntnm  Riddell.  "Dry,  sandy  soil,  Pine  Station.  Ind.,  July  28, 
187o."     (E.  J.  Hill.)     S<»  far  as  1  am  able  to  determine,  this  is  the  only  station 
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in  tlie  State  for  this  Hpecies.  Its  general  range,  **E.  Mass.  to  Minn.,  and  south- 
westward,"  would  indicate,  perhaps,  a  more  general  distribution  since  it  has 
made  its  appearance  within  our  boundaries. 

Nemopanth^s  fascicularis  Raf.  *'  Wet  ground.  Miller's,  Ind.  Flowers  collected 
April  29  and  May  11,  1882;  leaves  and  fruit  July  4,  1882."  (E.  J.  Hill);  Steu- 
ben  County  (E.  Bradner).  Although  not  included  in  the  lists  of  Mr.  Van  Gorder, 
I  have  received  from  him  this  summer  material  of  this  species  collected  in  Noble 
County.  The  manual  range  of  the  plant  was  extended  upon  the  collection  of 
Mr.  Hill,  and  from  the  later  reports  it  is  fair  to  infer  that  its  occurrence  is  limited 
to  perhaps  the  northern  tier  of  counties 

LcUhynia  wari/tmjM  Bigel.  ** Shores  of  Lake  Michigan,  Whiting,  Ind.,  July 
15,  1875."  (E.  J.  Hill.)  A  8j)ecie8  inhabiting  the  seashore  from  Oregon  and 
New  Jersey  to  the  Arctic  Ocean,  and  also  found  on  the  Great  Lakes.  The  range 
in  Indiana  can  evidently  be  but  slightly  extended,  if  at  all. 

Rosa  Enylnnanni  Watson.  '^Flowers  collected.  East  Chicago,  Ind.,  June  5, 
18i>0;  fruit  collected  in  damp  thickets  at  Pine  Station,  Ind.,  Aug.  25,  18in.  F(>ur 
feet  to  eight  feet  high."  (E.  J.  Hill).  The  specimen  furnishecl  the  survey  seems 
clearly  referable  to  this  S|>ecie8,  though  showing  a  decided  increase  in  size.  The 
jilant  is  normally  from  ''three  to  four  feet  high,  or  less."  Its  range  is  given  as 
**  Whisky  Island,  Lake  Huron,  shores  of  Lake  Superior,  and  west  to  the  Red 
River  valley,  and  in  the  mountains  from  N.  Montana  and  N.  Idaho  to  Colorado." 
Its  appearance  in  Indiana  is  of  extreme  interest  and  a<lds  a  new  station  for  the 
species. 

Henchera  hispida  Pursh.  "Sandy,  open  grounds,  Tolleston,  Ind.,  June  20, 
IHIKS."  (E.  J.  Hill.)  This  is  an  additional  station  for  this  sj>ecies  which  was 
formerly  reported  only  from  Vigo  County  by  W.  S.  Blatchley.  It  may  be  assumed 
that  the  form  will  l)e  found  in  favored  localities  throughout  the  State.  (Saxifra- 
gacert'  in  Indiana,  Proc.  Ind.  Acad,  of  Sci.  1894,  p.  105.) 

SiimbucHS  raceviom  L.  **Open  woods.  Porter,  Ind.,  May  17,  1890;  fruit,  Otis, 
Ind.,  May  21,  1881"  (  E.  J.  Hill);  '"common  at  least  in  eastern  part  of  Noble 
County"  ( VanGorder);  Steuben  County  (Bradner);  Putnam  County  (MacDongal); 
Jefferson  County  (J.  M.  Coulter) ;  Clarke  County  (Baird  and  Taylor).  This  species 
is  northern  in  its  mass  distribution  and  is  more  rarely  found  southward.  In  leaf, 
fruit  and  bark  characters,  it  at  times  runs  perilously  close  to  S,  Cunmlennif  L.  I 
have  found  the  color  of  the  pith  to  be  by  far  the  most  satisfactory  means  of  dis- 
crimination between  the  two  forms.  Although  the  assigned  range  includes  Indi- 
ana,  my  own  experience  lea<l8  me,  in  the  absence  of  verifying  specimens  from 
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■other  localities,  to  limit  the  distribution  of  the  species  to  the  northern  portion  of 
the  State. 

Linnnefi  borealis  (Jronov.  **Moi8t,  pine  woods,  Pine  Station,  Ind.,  June  7, 
1884."  (£.  J.  Hill.)  This  is  the  recorded  southern  limit  for  this  definitely 
northern  form.  Its  occurrence  so  far  south  is  worthy  of  note.  It  must  be  remem- 
bered, however,  in  this  extension  of  ranges  that  limits  are  marked  by  parallels  of 
latitude,  when  the  proper  method  would  be  a  consideration  of  isothermal  lines. 

Galtum  horeale  L.  * 'Sandy  prairies,  Sheffield,  Ind.,  July  6,  1875"  (E.  J. 
Hill ) ;  "rather  common,  Noble  County  "  ( W.  R  Van  Gorder).  The  distribution  of 
this  species  seems  fairly  well  made  out  for  In<liana,  being  confined  to  the  northern 
-counties  which  represent  in  a  general  way  its  southern  limits.  It  is  a  form  that 
•can  not  be  readily  mistaken  for  any  other  members  of  the  genus,  being  definitely 
marked  by  its  bright  white  flowers. 

Liatris  eylindrac^a  Michx.  "Dry  sands.  Lake  Cn^unty,  Ind.,  September  4, 
1893.  (E.  J.  Hill.)  The  Indiana  stations  for  this  plant,  so  far  as  reported,  in 
addition  to  that  in  Lake  County,  are  St.  Joseph  County  (C  R.  Barnes;;  Gibson 
and  Posey  counties  (J.  Schneck).  These  widely  separated  stations  indicate  at 
least  the  probability  of  its  occurrence  throughout  the  State  in  favorable  localities. 
The  manual  range  reads:  "Dry,  open  places,  Niagara  Falls  to  Minn,  and  Mo." 
The  St.  Joseph  County  record  is  verified  by  specimens  in  the  Purdue  Herbarium. 
The  inclusion  of  the  Gibson  and  Posey  County  station  is  upon  the  authority  of 
Dr.  J.  Schneck,  of  Mt.  Carmel,  111. 

Soiidago  humilis  Pursh.  "Sand  hills,  near  Lake  Michigan,  Miller's,  Ind., 
"September  12,  1893.  Sometimes  3  feet  high."  (E.  J.  Hill.)  This  is  a  distinctly 
northern  form,  and  one  which  shows  in  its  very  considerable  increase  in  size  the 
efTect  of  its  new  range.  In  its  normal  range,  "Rocky  banks,  VV.  Vt.,  along  the 
Great  Lakes,  and  northward,"  it  is  a  low  plant  from  6  to  12  inches  high.  At  the 
base  of  the  White  Mountains  a  form  is  reported,  by  Gray,  as  occurring,  having  a 
"stout  stem,  1-2  feet  high."  Variety  GiUmanni  Gray,  is  larger  (2  feet  high),  but 
in  addition  to  dift'erences  in  inflorescence,  is  sharply  separated  from  the  species 
by  its  "lacinialely  toothed  leaves."  The  species  is  undoubtedly  a  member  of  the 
State  flora,  and  the  I..ake  County  station  is  to  be  added  to  the  other  exceptional 
stations  recorded,  "islands  in  the  Susquehanna,  near  Lanciister,  and  at  the  Falls 
of  tlie  Potomac." 

Soiidago  uliginosa  Nutt.  "Peat  bogs.  Pine  Station,  Ind.,  Sept.  11,  1890." 
(K.  J.  Hill.  I  This  plant,  which  is  northern  in  its  ma^^s  distribution,  has  ita 
southern  limit,  so  far  as  reported,  in  the  northern  tier  of  counties  of  Indiana. 
Additional  stations  are.  St.  Joseph  County  (C.  R.  Barnes)  and  Noble  (\)unty  ( VV. 
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B.  Van  (Torder).  Specimens  have  been  examined  from  all  three  localities.  The 
recorded  range  of  the  plant  is  *'Peat  bogs,  Maine  to  Penn.,  Minn.,  and  north- 
ward." 

BmchychiHa  cordala  Torr.  and  (Jray.  Among  the  forms  that  have  come  into 
the  Indiana  flora  from  the  South  the  above  is  one  of  the  mo>t  interesting.  Its 
station  is  in  .Jefterson  County,  especially  at  Clifty  Falls.  The  station  is  one  of 
the  remarkable  ones  in  the  State,  because  of  the  number  of  rare  forms  there 
found,  SnUivantia  Ohionis  Torr.  and  Gray,  being  perhaps  the  most  noteworthy  if 
we  except  Brachychtrta, 

The  manual  range  of  the  plant  is  as  follows:  ''Wooded  hills,  S.  Ind.  and 
E.  Ky.  to  N.  (ia."  In  the  Synoptical  Flora,  p.  161.  the  range  is  given  as  follows: 
*'(.)i)en  woods,  etc.,  W.  North  Car.  and  E.  Ky.  to  upper  part  of  (la."  The  plant 
was  apparently  first  collected  by  Rafinesque,  by  whom  it  was  described  as  SMidago 
9phaceUitiu  Kaf.  Ann.  Nat.  (1820),  {).  14. 

In  Short's  Supplement  to  the  Catalogue  of  the  Plants  of  Kentucky  it  is  de- 
scribed as  Solidago  cordatu  Short. 

In  DeCandoile's  Prodromus,  V.  313,  it  appears  as  Braehyris  omtifolia  DC, 
with  the  range  "  i/i  agrn  KentuekcHsi  ad  n'paR  jiuminum  legit,  cl.  Rafinesque.  *  * 
Species,  diMinctiwivia." 

Additional  localities  are  as  follows: 

Flora  of  Went  Virginm.  C.  F.  Millspaugh.  P.  382. —  **  Fayette  County,  near 
Nuttalsburg,  plentiful." 

Flora  of  Southern  railed  States,  A.  W.  Chapman,  2d  edition.  P.  213,  entered 
a,s  Solidago  cordala  Siiort.  **  Mountains  of  Georgia  and  North  Carolina  and  north- 
ward." 

Botany  of  Southern  State«.  John  Darby.  P.  370 — **  North  Carolina  and  North- 
ern Geor^jia." 

A  Sketch  of  Botany  of  Soitth  Carolina  and  Georgia.  Stephen  Elliott.  Vol.  II 
(1824),  which  includes  Solidago,  does  not  distinguish  the  form. 

Tennen*ee  Flora.  August  (Jattinger  (1887).  P.  51 — Records  as  occurring  over 
the  whole  State. 

The  specimens  in  the  Gray  Herbarium  only  include  four  sheets,  all  }>eing 
from  the  South.     They  are  as  follows: 

Solidago  co'dnta  (n.  sp. )  Short.  Cliffs  of  Kentucky  River.  ('.  W.  Short,  M. 
D.,  Lexington,  Ky.  This  is  the  type  specimen  of  Brac.hycho'ta  cordata  Torr.  and 
(irav. 
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Soli(tago  cordain  Short,  Wilkes  County,  North  Carolina,  M.  A.  Curtis;  Table 
Mountain,  North  ('arolina,  M.  A.  Curtis.  Both  of  these  have  received  the  label 
Bruchychtrta  cordata  in  the  handwriting  of  Dr.  Gray. 

tSolifJago  cordaia  Short.     French  Broa(i  River,  1S43.     No  collector's  name. 

Bruchyrhtrta  cordaia  Torr.  and  Gray.  Curiiss,  North  American  Plants,  No. 
12i>8*,  Blufls  of  Cumberland  River,  near  Nashville,  Tenn.     Legit  A.  Gattinger. 

An  examination  of  the  above  data  shows  that  this  form  can  be  reasonably 
expected  in  the  southwestern  counties  of  the  State.  It  is  easily  mistaken  for  a 
Solidago,  which  genus  it  resembles  closely  in  head  and  flower,  except  In  the  pap- 
pus.    It  perhaps  should  be  looked  for  in  collections  among  the  Solidagos. 

Aster  polyphylhiH  Willd.  "Grassy  borders  of  low  thickets,  Whiting,  Ind. 
September  29,  1802."  (E.  J.  Hill.)  The  range  of  this  species  being  "northern 
Vermont  to  Wisconsin,  and  southward,"  it  is  a  little  remarkable  that  this  is  its 
only  record  for  the  State.  It  is  possible  that  it  bus  been  mistaken  for  .4.  encnides 
L.,  which  it  resembles  in  many  particulars.  The  extreme  variability  of  this  lat- 
ter form  renders  such  an  error  a  natural  one.  It  is  probable  that  A.  polyphyilus  is 
more  widely  distributed  throughout  the  State  than  the  single  recorded  station 
would  indicate. 

Aster  umbeUatm  Mill.  "Moist  grounds.  Pine  Station,  Ind.  September  4, 
189-3."  (E.  J.  Hill.)  This  form,  "common,  especially  northward,"  is  only 
recorded  from  four  counties  of  the  State.  Additional  stations  are  as  follows: 
Jefferson  County  (C.  R.  Barnes);  Clark  County  (Bainl  and  Taylor);  Jay  County 
(Dr.  Phinney).  The  Jeflferson  County  reference  has  its  authentication  in  speci- 
mens in  the  Purdue  Herbarium;  the  Clark  and  Jay  County  stations  rest  uiK>n  the 
authoritv  of  the  collectors.  The  i)lant  mav  be  confidentlv  looked  for  in  the 
northern  counties  of  the  State,  and  manv  new  stations  should  be  added  as  a  result 
of  the  work  of  the  ensuing  season. 

Aster  pfn)'micoide:<  Torr.  and  Gray.  "  Dry  sands,  Pine  Station,  Ind."  (E.  J. 
Hill.)  This  form,  occurring  on  "dry  rocks,  western  New  England  to  Min- 
nesota, along  the  Great  Lakes,  and  northward,"  is  another  species  that  has  entered 
the  State  from  the  north.  The  Lake  Countv  station  is  the  natural  one  for  the 
State.  In  the  fall  of  1894,  Messrs.  Conner  and  Laben  collected  this  species  at 
Happy  Hollow,  Tij>pecanoe  County.  I  withheld  judgment  upon  the  determina- 
tion, until  I  was  able  to  examine  the  type  specimens  in  the  Ciray  Herbarium. 
There  is  no  question  that  A.  ptannicoidei*  occurs  in  Tippecanoe.  The  station  in 
which  it  is  found  is  so  secluded  as  to  preclude  the  probability  (»f  its  recent  intro- 
duction.    The  range  of  the  species  must  therefore  be  extended  somewhat. 
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Echinacea  anffuMi folia  D(\  **  By  Michigan  Southern  and  Lake  Shore  Rail- 
road, Durham,  Ind.  In  a  prairie.  July  4,  1892. '*  (E.  J.  Hill.)  So  far  as  I  am 
able  to  find,  this  in  the  only  record  for  this  Bpecies  in  the  State.  The  form 
has  evidently  entered  our  Hora  from  the  west,  its  recorded  range  heing  "Plains 
from  111.  and  Wise,  south  west  ward."  It  is  easily  distinguishable  from  E.  pur- 
puren  Moencli.  and  should  be  looked  for  carefully  in  the  western  counties  of  the 
State. 

Arfemhin  CfuuideriAUi  Michx.  "Shores  of  Lake  Michigan,  Lake  Co.,  Sept.  4, 
18!*S."  I  E.  J.  Hill.)  This  northern  form  has  its  only  recorded  station  for  Indiana 
in  the  above  reference.  Its  range  is  "  Northern  New  Eng.  to  the  great  lakes, 
Minn.,  and  northward."  It  is  closely  allied  to  A.  eaudata  Michx.,  which  also  has 
its  sole  Indiana  station  in  Lake  Co.  No  specimen  of  this  latter  form,  however, 
has  as  yet  been  obtained  by  the  Survey.  A.  eaudata  having  a  range  "Mich,  to 
Minn.,  and  southward,"  should  be  found,  at  least,  in  the  northern  counties  of  the 
State.  Both  species  are  separated  from  the  other  Arteniisias  by  their  dittseeted 
UfirfA  and  should  be  readily  recognized. 

Cnicux  Pitrheri  Torr.  "Sandy  shores  of  Lake  Michigan,  Fine  Station,  Ind., 
.June  21,  1891."  fE.  J.  Hill.)  This  well-marked  species  has  this  as  its  only  sta- 
tion in  the  State,  ny  far  as  the  records  indicate.  Its  range,  "  Sandy  shores  of 
Lakes  Michigan,  Huron  and  Superior,"  would  indicate  but  a  slight  probability  of 
any  material  increase  in  its  distribution.  It  would  probably  be  found  in  Laporte 
County  in  the  region  of  Michigan  City,  if  careful  search  were  made..  With  its 
cream-colored  flowers  and  white  woolly  covering  it  is  an  extremely  attractive 
form  and  could  scarcely  be  mistaken  for  any  other  species  of  the  genus. 

Cnicn.'*  fntmilu:*  Torr.  "Pine  barrens.  Lake  County,  Ind.,  July  4,  1891." 
(E.  J.  Hill.)  This  form  is  labeled  Cnicun  HUlii  W.  M.  Canby.  I  am  unable, 
however,  to  see  any  reason  why  the  form  should  not  Ih»  referred  to  C.  pumilua 
Torr.,  and  in  the  al>sence  of  Mr.  Canby*s  original  description  I  have  so  referred 
the  «»perinien  sent  to  the  Survey.  Certain  variations  from  the  type  seem  to  me 
easily  referable  to  geographical  causes,  and  not  of  sufficient  importani*e  to  neces- 
sitate the  establishment  of  a  new  species.  The  range  of  the  plant,  "Dry  fields, 
N.  En^.,  near  the  coast,  to  Penn.",  seems  to  me  to  furnish  the  only  argument 
against  the  reference.  It  is  possible  that  more  abundant  material  may  lead  to  a 
<lifl"erent  conclusion.  The  reportetl  occurrence  of  Cnknn  pumiluji  in  Dearborn 
County  'S.  11.  Collins)  is  not  authenticated  by  specimens,  and  is  in  all  probabil- 
ity an  error  in  <lcterniination.  The  extension  oi  the  range  of  a  coast  p'ant  to 
the  (Ireat  Lake>i  could  be  easily  accounted  for,  but  its  exten»jion  to  Dearborn 
County  witli(»ut  intcrvining  station*  would  be  difficult  of  explanation. 
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PrenanthcM  racernosa  Michx.  "Open,  grassy  land,  East  Chicago,  Ind.,  Oct, 
5,  1892."  (E.  J.  Hill.)  Noble  County  (W.  B.  Van  (iorder).  The  range  of  this 
species  in  Indiana  t^eems  to  be  limited  to  the  northern  tier  of  counties.  The  form 
is  found  in  "plains,  N.  Maine  to  N.  J.  and  northward,"  though  extending  also 
into  Missouri.  It  is  easily  distinguished  from  the  other  species  of  the  genua 
found  in  the  State  by  its  heads  being  in  crowded  clusters,  and  could  scarcely  have 
escaped  the  attention  of  collectors  had  it  been  of  any  general  distribution. 

Pyrola  ehlorantha  Swartz.  "Sandy  woods.  Whiting,  Ind.,  May  25,  1878." 
(E.  J.  Hill.)  A  northern  form,  ranging  from  Labrador  to  Minnesota,  northward 
and  westward,  with  the  single  record  from  Indiana  as  indicated.  The  specimens 
in  the  possession  of  the  Survey  are,  so  far  as  known,  the  only  ones  from  the  In- 
diana station  in  the  herbaria  of  the  State. 

Trientalu  Americana  Pursh.  "Damp  woods.  Miller's,  Ind.,  May  11,  1878." 
(E.  J.  Hill.)  "In  tamarack  marshes  in  moss  near  the  roots  of  trees.  Very  com- 
mon in  some  places.  Noble  County."  (W.  B.  Van  Gorder.)  The  mads  distribu- 
tion of  this  species  is  decidedly  northern,  its  southern  limit  being  the  northern 
tier  of  counties  in  Indiana,  save  where  it  extends  southward  along  the  mountains. 
It  will  probably  be  found  in  all  of  the  northern  counties,  but  need  scarcely  be  ex- 
pected farther  south. 

MenyantfieM  trifoliaia  L.  "  Bogs  and  peat  marshes,  Pine  Station,  Intl.  May 
13,  1876."  {Vj.  J.  Hill.)  "  Moist  shores  of  lakes — very  common  at  Pleasant  Lake, 
Noble  Tp.,  Noble  Co,"  (W.  B.  Van  (iorder.)  Whiie  the  sixth  edition  of  Gray*8 
Manual  includes  Indiana  in  the  range  of  this  species,  its  authenticated  distribu- 
tion is  confined  to  the  stations  mentioned.  It  probably  occurs  throughout  the 
northern  portion  of  the  State  in  favorable  localities. 

Conrolruliia  ari^ensM  L.  "By  railroad.  Pine  Station,  Ind.  July  28,  1875. 
Rare."  (E.  J.  Hill.)  Also  reported  from  Jay,  Delaware,  Wayne  and  Randolph 
Counties  (Phinney),  and  Dearborn  Co.  (Collins).  This  adventive  species,  hereto- 
fore restricted  to  North  Atlantic  States,  has  evidently  made  lodgment  in  Indiana. 
I  am  inclined  to  think  the  Dearborn  County  reference  somewhat  doubtful,  judg- 
ing from  the  general  range  of  the  plant  and  taking  into  consideration  the  means 
of  distribution  to  which  the  presence  of  this  intruder  is  evidently  due.  I  believe 
its  range  in  the  State  will  be  found  limited  to  the  northern  and  central  counties. 

Stachya  hyMopifolia  Michx.  "Wet,  sandy  banks,  Laporte,  Ind.  July  22, 
1875."  (E.  J.  Hill.)  Also  collected  at  Laporte  by  C.  R.  Barnes.  The  State  cata- 
logue notes  the  plant  as  occurring  from  "  Marion  Co.  and  northward."  The  Ma- 
rion County  reference  was  doubtless  based  upon  the  authority  of  the  late  Dr.  H. 
E.  Copelaiid,  who  was  an  exceedingly  keen  observer,  but  who,  unfortunately,  left 
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no  verifying  specimens.     It  is  scarcely  possible  that  this  can  be  the  only  station 
for  the  plant,  since  its  range  fairly  covers  the  State. 

Utricuhria  resupiruita  B.  D.  Greene.  "Sandy  margins  of  ponds,  Whiting, 
Lake  County,  Ind.,  Aug.  16,  1883."  (E.  J.  Hill.)  This  collection,  upon  which 
i»  based  the  extension  of  the  range  of  this  form  in  the  6th  Edition  of  Gray's  Man- 
ual (p.  735  c.),  is  only  one  of  the  many  evidences  of  the  critical  work  done  by 
Rev.  E.  J.  Hill  and  proof  of  the  value  of  a  long  continued  study  of  a  single  area. 
This  same  form  was  sent  me  last  summer  by  W.  B.  Van  (xorder  from  north  shore 
of  Bear  Lake,  Noble  County,  thus  extending  its  local  distribution. 

Utriadaria  purpurea  Walt.  * 'Shallow  ponds,  Pine  Station,  Lake  County, 
Sept.  13,*1879."  (E.  J.  Hill.)  This  is  another  form  shown  by  Mr.  Hill  to  be  a 
member  of  the  State  flora.  This  station  for  the  plant  is  somewhat  remarkable  be- 
cause it  is  so  far  inland.  While  the  range  is  '* ponds,  Maine  to  Florida,"  it  is 
limited  by  the  additional  statement,  usually  near  the  coa^t. 

Utricularia  gibba  L.  "Sandy,  wet  margins  of  ponds,  Pine  Station,  Lake 
County,  Sept.  13,  1879."  (E.  J.  Hill.)  While  this  plant  would  be  naturally  ex- 
pected within  our  range,  it  has  been  but  rarely  collected  in  the  State.  The  speci- 
mens furniiihed  by  Mr.  Hill  being  the  only  ones  I  have  seen  from  Indiana.  It  is 
especially  desirable  that  close  observations  should  be  made  in  favorable  localities 
in  order  that  the  distribution  of  these  forms  within  the  State  mav  be  determined. 

Corispermum  hyssopifolium  L.  "Dry,  sandy  ground.  Pine  Station,  Ind.,  Sept. 
4,  1893  "  (E.  J,  Hill.)  The  only  reported  station  fur  this  species.  No  great 
extension  of  its  range  throughout  the  State  need  be  expected,  since  in  our  range 
it  seems  confined  to  the  beaches  of  the  Great  Lakes,  although  farther  west  and 
south  it  is  not  so  restricted.  The  form  is  presumably  from  the  west,  judging  from 
available  data. 

Saisola  Kali  L.,  var.  Tragus,  This  plant  has  undoubtedly  obtained  a  sufficient 
foothold  in  the  State  to  be  included  in  its  flora.  It  is,  however,  very  doubtful  if 
its  spread  will  be  sufficiently  rapid  to  give  it  rank  among  our  worst  weeds.  The 
plant  is  definitely  reported  from  Clarke,  Lake  County,  by  E.  J.  Hill,  and  from 
Avilla,  Noble  County,  by  W.  B.  Van  Gorder.  Both  collections  are  labelled 
"along  railroad,"  indicating  very  clearly  the  method  of  introduction  into  our 
State  flora.  An  examination  of  both  specimens  leads  me  to  question  the  reference 
of  the  Lake  County  specimen.  It  does  not  agree  in  many  particulars  with  the 
Noble  County  specimen,  which  latter  is  very  plainly  the  typical  variety  Tragus^ 
and  so  far  as  I  am  able  to  judge  agrees  more  nearly  with  SaMa  Kali  The  exten- 
sion of  the  range — "sandy  seashore,  New  England  to  Georgia"-  by  the  addition 
of  "and  along  shores  of  (ireat  Lakes"  is  a  very  natural  one,  but  is  apparently 
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incorrect  because  of  the  label,  ^' along  railroad."  So  far  a«  I  am  able  to  learn, 
the  plant  has  not  spread  with  the  rapidity  to  be  expected  from  the  variety  Tragus. 
In  view  of  the  accuracy  of  Mr.  Hill  in  all  of  his  determinations,  the  Lake  County 
station  is  admitted,  with  the  suggestion  that  the  plant  in  that  particular  locality 
needs  a  much  closer  studv. 

The  Noble  County  plant  is  unmistakable,  not  only  in  its  characters,  but  in  its 
habits  of  growth.  From  facts  ascertained  through  the  work  of  Supt.  Van  Gorder, 
it  is  safe  to  say  that  if  the  Russian  thistle  spreads  throughout  Indiana  it  will  be 
from  the  Noble  County  station  as  a  center.  The  plant  has  been  carefully  watched 
since  its  first  appearance  in  1893,  and  efforts  made  to  prevent  its  spread,  though 
with  n(»  very  jijreat  success,  as  the  following  letter  indicates: 

Brim  FIELD,  Ind.,  Nov.  3,  1895. 

Mr.   W.  B.  Van  (iordt'r,  KnighMown,  Ind.: 

Dear  Sir  — In  reply  to  yours  of  some  time  ago,  will  say  that  the  Russian 
thistle  came  up  again  this  year  worse  than  last  year.  It  was  not  cut  soon  enough, 
which,  of   course,   scattered  the  seeds.      1   have  not   heard  of  it  any  place  else 

vet.      *****  J.   E.  NiSWANDER. 

In  the  last  map  issued  by  the  United  States  Department  of  Agriculture, 
showing  the  distribution  of  the  Russian  Thistle,  a  location  is  given  in  south-cen- 
tral Indiana.  The  map  is,  however,  so  small  that  1  have  not  been  able  to  locate 
the  station,  nor  have  I  been  able  to  discover  upon  what  authority  it  was  added. 

In  my  opinion  there  are  not  more  than  two  stations  for  the  Russian  Thistle 
in  the  State.  Of  these,  that  in  Noble  County  alone  seems  to  threaten  any  great 
spread  of  the  pest.  While  the  plant  should  be  carefully  watched,  its  general 
character  as  to  periods  of  flowering  and  maturation  of  seed,  taken  in  connection 
with  the  fact  that  though  known  to  exist  in  Indiana  since  1892,  it  has  yet  made 
no  marked  advance,  would  indicate  that  the  danger  from  its  introduction  has 
been  overestimated. 

Polygonum  tenue  Michx.  *'Sand  hills,  Pine  Station,  Ind.,  July  28,  1876." 
(E.  J.  Hill.)  Tippecanoe  County,  1893.  (Stanley  Coulter.)  This  species  has 
perhaps  a  more  general  distribution  throughout  the  State  than  the  references 
would  indicate.  Its  normal  range  easily  includes  our  territ^^ry,  yet  so  far  as  I 
know  no  other  stations  are  recorded.  In  a  study  of  the  genus  Polygonum  made  re- 
cently I  examined  all  of  the  collections  in  the  State,  and  it  is  certainly  not  found 
in  them  from  any  other  localities.  The  species  is  sufficiently  characteristic  to  be 
easily  separated  from  the  more  common  forms,  and  could  scarcely  be  confused 
with  any  other  species,  if  we  except  P.  ramo^fwimum  Michx.,  from  which  it  is 
readily  distinguished  by  the  character  of  the  achenes. 
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PolytfmelUi  at-ticuiata  MeiBsn.  **San(l  hills,  Miller's,  Ind  ,  October  1,  1881. 
Flowers  white  or  rose-colored."  (E.  J.  Hill.)  This  seems  to  be  the  only  authen- 
ticated station  for  this  species.  Mr.  Van  Gorder  includes  it  in  his  list  of  plants 
of  Noble  County,  published  in  pamphlet  form  in  1884,  but  excludes  it  from  list 
published  in  1887  in  Eighteenth  Report  of  the  State  (Geologist.  I  infer  from  this 
that  its  inclusion  in  the  first  list  was  an  error.  Baird  and  Taylor  also  include  it 
in  their  **  Flora  of  Clark  County,"  but  as  they  made  no  collections  the  record  is 
necessarily  a  doubtful  one,  with  the  probability  against  the  accuracy  of  the  de- 
termination. The  assigned  range  is :  *^  Dry,  sandy  soil;  on  the  coast  from  Maine 
to  New  Jersey,  and  along  the  Great  Lakes."  It  can  ]ye  readily  seen  that  its  distri- 
bution in  Indiana  is  in  all  probability  limited  to  the  northwestern  counties. 

Shephei'dia  Canadetmn  Nutt.  "Sand  ridges,  usually  near  sloughs.  Pine 
Station,  Lake  County,  May  13  and  27,  1876."  (E.  J.  Hill.)  This  attractive  shrub 
has  perhaps  its  southern  station  in  this  record.  Its  reported  range  is  from  **  Ver- 
mont and  New  York  to  Michigan,  Minnesota  and  north  and  westward."  It  is 
worthy  of  notice,  perhaps,  that  in  Indiana  it  occurs  "  near  sloughs,"  while  in 
other  regions  it  is  found  chiefly  on  rocky  or  gravelly  banks. 

Euphorbia  poli/f/onijolui  L.  "Sandy  shores  of  Lake  Michigan,  Lake  County, 
Indiana,  September  4,  1893."  (E.J.  Hill.)  The  range  of  this  species  is  probably 
limited  to  the  shores  of  Lake  Michigan,  at  least  so  far  as  Indiana  is  concerned. 
While  in  general  appearance  it  might  be  easily  confused  with  other  species,  it 
is  characterized  by  having  seeds  larger  than  those  of  any  other  species  in  section 
Anit(rpfiyUuin. 

My r wa  asphni/oh'a  End\.  "Sand  hills.  Miller's,  Indiana.  Flowers  collected 
April  29  and  May  30,  1882;  fruit,  July  4."  (E.  J.  Hill.)  This  is  the  only  lo- 
cality for  the  State  and  it  was  upon  this  collection  that  the  range  of  the  s|)ecie8 
wai  extended  in  the  sixth  edition  of  Gray's  Manual  to  include  Indiana. 

Bit  Ilia  papifi'i/na  Marshall.  "Sandy  soil.  Pine  Station.  Ind.  Flowers  col- 
lected May  13,  187^);  fruit,  September  3,  1876.  Trees  ten  to  thirty  feet  high." 
(E.  J.  Hill.)  The  material  furnished  the  Survey  was  somewhat  scant,  but  seemed 
sufficient  to  verify  the  determination.  The  petioles  were  shorter,  perhaps, 
than  in  the  normal  form,  but  this  seemed  the  only  deviation  from  type  in  the 
leaf  characters.  The  reduction  in  size  from  a  tree  fifty  to  seventy-five  feet  high 
in  the  normal  range,  to  that  indicated  above,  is  the  most  marked  feature  in  this 
extension  of  range.  The  form  also  occurs  in  northern  Illinois,  but  I  have  no  data 
at  hand  which  indicate  whether  or  not  a  similar  reduction  in  size  occurs.  The 
species,  as  is  well  known,  is  northern  in  its  general  range. 
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Pr'njw  Bankifiana  Lambert.  *'Sand  barrens,  Lake  County,  Ind.,  May  13, 
1876."  (  E.  J.  Hill.)  This  is  the  only  record  for  the  gray  or  northern  scrub  pine 
in  the  State.  The  specimens  sent  the  Survey  establish  the  species  as  a  member  of 
the  State  flora  beyond  question.  The  inclusion  is  an  extension  of  the  reported 
range  from  Southern  Michigan  to  Northern  Indiana.  It  is  a  fact  that  in  all  prob- 
ability more  new  forms  will  be  added  to  the  State  flora  by  a  careful  study  of  our 
forest  trees  than  from  any  other  group  of  plants,  if  we  except,  perhaps,  the 
water  plants.  For  various  reasons  forest  forms  have  received  less  attention  and 
are  more  poorly  represented  in  existing  herbaria  than  any  other.  It  is  especially 
urged  that  during  the  ensuing  season  si>ecimen8  of  all  forest  trees  be  furnished 
the  Survey  by  those  interested  in  the  work. 

Orchiihcett'.  Our  knowledge  of  the  occurrence  aud  distribution  of  the  various 
orchids  of  the  State  has  been  very  greatly  increa.sed  during  the  past  year,  a  fact 
due  largely  to  the  labors  of  Messrs.  Hill  and  Van  Gorder.  Both  of  these  gentle- 
men have  studied  definite  regions  for  years  and  have  placed  the  Survey  under 
many  obligations  for  their  careful  and  courteous  responses  to  the  many  requests 
for  information.  I  have  asked  Miss  Alida  M.  Cunningham  to  collate  the  facts  at 
hand,  which  she  has  done  under  the  title  ^^  Diairibntvm  of  Orchiddcetr  in  Indiana^^^ 
and  reference  is  hereby  made  to  that  article  (These  Proc,  p.  — ).  I  wish  also,  in 
this  connection,  to  express  the  thanks  of  the  botanical  division  of  the  Biological 
Survey  to  Miss  Cunningham  for  the  patient  and  efficient  work  she  has  done  in  the 
study  and  comparison  of  critical  forms,  which  has  done  much  to  expedite  the 
work  of  the  division  and  has  added  greatly  to  the  value  of  its  final  report. 

TojieMifi  qhUinom  Willd.  '*  Moist  sands.  Pine  Station,  Ind.,  July  28,  1875. 
(E.  J.  Hill.)  The  State  Catalogue  refers  this  species  to  the  " northern  tier  of 
counties."  This,  however,  is  the  only  station  in  the  state  from  which  I  have  been 
able  to  secure  herbarium  specimens.  It  is  included  in  the  Flora  of  Noble  County 
by  W.  B.  Van  (lorder  (18th  report  of  State  Geologist,  p.  66,)  as  growing  in 
"moist  grounds  along  the  Elkhart  river  in  Orange  township,  and  is  represented 
in  Mr.  Van  Gorder's  private  herbarium.  I  know  of  no  other  stations  in  which 
the  species  occurs.  The  recorded  range  of  the  plant  is  **  moist  grounds,  Maine  to 
Minnesota,  and  northward  ;  also  south  in  the  Alleghanies. 

Trifflochin  maritima  L.  *'Wet  sands,  border  of  slough.  East  Chicago,  June 
13,  1893."  (E.  J.  Hill.)  This  species  has  been  added  to  the  state  flora  through 
the  close  work  of  Mr.  Hill,  who  has  recorded  the  only  station  for  Indiana.  The 
species  is  easily  distinguished  from  the  other  members  of  the  genus  by  its  fruit  of 
six  carpels.  The  assigned  range  of  the  plant  is,  "salt  marshes  along  the  coast, 
Labrador  to  N.  J.,  and  in  saline,  boggy  or  wet  places  across  the  continent." 
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Potamoiftton.  Any  systematist  who  has  undertaken  a  study  of  this  genus,  will 
at  once  appreciate  the  fact  that  the  value  of  8i>eoific  determinations  is  largely  in- 
creased if  they  have  received  the  sanction  of  a  specialist  in  the  group.  Mr.  Hill's 
forms  of  this  genus  have  undergone  the  scrutiny  of  the  late  Dr,  Thomas  Morong 
and  may  be  added  with  confidence  to  the  state  flora.  It  is  therefore  with  very 
great  diffidence  that  I  venture  to  question  the  determination  of  one  or  two  of 
the  sheets  sent  the  Survey.  The  question  is  not  of  the  original  determination,  but 
the  suggestion  is  made  that  in  the  distribution  there  has  been  a  confusion  of  forms. 
The  most  noteworthy  species  of  this  genus  are  the  following: 

P.  pnleher  Tuckerm.  **  Shallow  ponds,  Pine  Station,  Lake  Co.,  June  21, 
1884."  (E.  J.  Hill.)  From  an  examination  of  many  specimens,  I  am  led  to  be- 
lieve that  this  form  as  received  by  the  Survey  should  be  referred  to  P.  ampli/olius 
Tuokerm,  because  of  leaf  and  fruit  characters.  The  range  of  the  two  forms  is 
practically  the  same  and  it  is  possible  that  they  may  be  found  associated,  and  be- 
come mixed  in  distribution.  The  size  of  the  fruit  is  perhaps  the  most  apparent 
distinction  between  the  two  forms.  In  addition  to  P.  prdchir  Tuckerm,  P.  ampli- 
foliux  Tuckerm  is  also  without  doubt  a  member  of  the  state  flora. 

P.  pmhngns  Wulf.  Cedar  Lake,  Lake  Co.,  Ind.,  Feb.  27,  1882.  (E.  J. 
Hill.)  This  well  marked  form  should  be  more  generally  found  in  the  northern 
counties  of  the  State.  The  region  is  fairly  within  the  range  of  the  plant  and  the 
conditions  f(>r  its  occurrence  are  good.  It  has,  however,  been  reported  from  no 
other  locality,  so  far  as  I  have  knowledge. 

P.  Robbhmi  Cakes.  "Cedar  Lake,  Lake  Co.,  Ind.,  June  30,  1886."  (E.  J. 
Hill.)  This  is  another  interesting  northern  form  added  to  the  Indiana  flora  as  a 
result  of  Mr.  Hill's  indefatigable  work.     (Man.  6th  edn.  735c.) 

In  the  specimen  sent  the  Survey  by  Mr.  Hill,  both  fruit  and  flowers  are 
absent.  From  this  s|)ecimen  standing  alone,  I  would  refer  the  form  to  P.  marinus 
L.,  since  the  leaf  and  stem  characters  do  not  conform  to  the  description  of  P. 
RMinm.  My  very  high  appreciation,  however,  of  the  skill  and  acut«nes8  of  Mr. 
Hill  lead  me  to  include  the  form  P.  Robbimii  Oakes,  and  also  to  add  the  species 
P.  marinus  L. 

I  am  inclined  to  believe  that  a  more  careful  study  of  the  plants  of  our  marsh 
and  lake  regions  would  result  in  the  extension  of  the  range  of  many  forms  in  this 
and  allied  groups. 

Kriocanhn  Heptanffulare  Withering."  **  Sandy  borders  of  ponds,  Laporte,  Ind., 
July  22,  1875.  Scapes  6-8  striate."  (E.  J.  Hill.)  The  addition  of  Indiana  to 
the  assigned  range  of  this  plant  in  the  6th  edition  of  Gray's  Manual  was  based 
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upon  the  collection  of  Mr.  Hill.  During  the  last  summer  Mr.  Van  Gurder  col- 
lected it  in  Noble  County,  and  Mr.  Bradner  includes  in  catalogue  of  the  Flora  of 
Steuben  County  (17th  Report  of  State  Geologist,  p.  156),  with  the  statement, 
**  badly  named,  as  the  scape  frequently  has  eight  striae."  The  Hill  collection  is 
of  the  normal  size  from  2-6  inches  high,  while  that  of  Van  Gorder  shows  s))eci- 
mens  from  1-2  feet  high,  having  been  submersed. 


Distribution  of  the  Orchidac-e.k  in  Indiana.     By  Alida  M.  Cunningham. 

The  family  of  Orchidaceie,  as  shown  by  the  reports  and  specimens  examined, 
is  represented  in  the  State  by  twelve  genera  and  thirty-seven  8|>ecies. 

Mict-wtylis  monophyUoa  Lindl.,  according  to  the  6th  edition  of  Gray's  Manual, 
is  found  growing  in  cold  swamps  in  northern  Indiana.  It  is  also  reported  from 
the  '*  Knob"  region  by  Dr.  J.  M.  Coulter.     No  specimen  was  examined. 

Mici'ontyliA  ophiofflostfoulett  Nutt.,  has  been  reported  from  Monroe  by  W.  S. 
Blatchley,  whose  determination  is  verified  by  specimens  in  the  DePauw  Herba- 
rium. One  8|)ecimen  of  this  species  has  l)een  reported  from  Noble  by  W.  B.  Van 
Gorder  and  has  l>een  examined. 

Lipiirii*  liliifitUa  Richard,  occurs  in  the  southern  and  central  portions  of  the 
State.  It  is  reported  as  rare  in  Franklin  by  O.  M.  Meyncke,  but  common  in  rich, 
shady  woods  in  Gibson  and  Posey  by  Dr.  Schneck.  No  specimens  of  this  form 
have  been  examined. 

LipurtH  Ij<f'ftdii  Richard,  grows  in  extreme  northern  counties.  Specimens  from 
Lake  bv  E.  J.  Hill  and  from  Noble  bv  W.  B.  Van  Gorder  were  studied.  Mr. 
Van  (border  states  that  it  is  very  rare  in  that  region  and  grows  in  tamarack 
marshes. 

Apkctritm  hieniale  Nutt.,  is  reported  from  the  following  counties:  Clark,  Jef- 
ferson and  Franklin  in  the  southeast;  Gibson  and  Posey  in  the  southwest;  Put- 
nam in  the  central;  Noble  and  Steuben  in  the  north.  The  State  catalogue 
includes  the  species,  referring  it  to  Tipj>ccanoe,  but  gives  uj)  authority  for  its  in- 
clusion.    Specimens  from  Clark  and  Noble  were  the  only  ones  studied. 

Corallorfiiza  is  represented  in  the  State  by  three  species — innatn^  otUmtorhiza 
and  inultijiora, 

C.  iniialit  R.  Brown.  No  Indiana  specimen  of  this  species  was  examined.  It 
is  reported,  however,  from  the  "knob"  region  by  Dr.  Clapp. 
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C  odontorhim  Nutt.,  is  reported  from  Gibson  and  Posey  by  Dr.  Schneck  as 
rare,  and  found  growing  in  shady  woods  in  rich  soi] ;  from  Franklin,  by  O.  M. 
Meyncke;  from  Steuben,  by  E.  Bradner,  and  from  Noble,  by  W.  B.  Van  Gordep; 
whose  specimens  were  examined. 

(\  mnUiftora  Nutt.,  is  reported  from  Union  by  W.  8.  Blatchley,  whose  determi- 
nation is  verified  by  specimens  in  the  DePauw  Herbarium.  From  Noble,  by  W. 
B.  Van  Ciorder,  who  states  that  it  is  rare  in  that  county  and  grows  in  dry  woods ; 
and  also  from  Steuben,  by  E.  Bradner.  The  State  catalogue  includes  this  8i)ecies, 
referring  it  to  Jefferson,  but  gives  no  authority  for  its  inclusion.  No  specimens 
were  examined. 

Spiranthea  is  said  to  be  represented  by  four  species :  UUifolia^  cemua,  prtecox  and 
(frarilii<. 

S.  iati/oiin  Torr.,  is  very  limited  in  its  range,  at  least  as  far  as  we  have  knowl- 
edge of  its  distribution.  It  is  reported  from  Noble  by  Mr.  Van  Oorder,  who 
states  that  only  a  few  specimens  were  found.  It  is  reported  also  from  Tippecanoe 
by  John  Hussey,  and  his  determination  is  verified  by  a  specimen  in  the  Purdue 
Herbarium. 

S.  rernun  Richard,  occurs  chiefly  in  southern  and  western  counties.  It  is  re- 
ported also  from  Noble,  where  it  grows  with  cranberry  vines  on  the  low  shores  of 
lakes. 

S.  pnrcoi  Watson,  has  been  reported  from  Clark  by  Messrs.  Baird  and  Taylor, 
and  from  Steuben  by  E.  Bradner.  The  6th  edition  of  the  Manual  does  not  in- 
clude Indiana  in  the  range  of  this  species,  which  reads:  '^Wet,  grassy  places, 
Mass.  to  N.  J.  and  Fla." 

S.  (jracdisi  Bigelow,  is  fairly  well  distributed,  being  reported  from  southeast- 
ern, northern  and  central  counties,  but  is  not  found  abundantly.  Specimens 
from  Noble,  Lake  and  Jefferson  were  examined. 

Goodyera  repens  R.  Br.,  is  reported  from  Steuben  by  E.  Bradner.  No  speci- 
mens were  studied,  but  the  habit  and  range  of  the  plant  renders  the  determina- 
tion doubtful. 

Ooodyera  pubeseemf  R.  Br.,  has  been  collected  in  Noble  by  Mr.  Van  Gorder, 
whose  specimen  was  examined.  It  is  also  reported  from  Warren  and  Vigo  Coun- 
ties. 

Arethusa  bntbom  L.,  is  referred,  in  the  State  catalogue,  to  Lake  Co.  Dr.  J.  M. 
Coulter  also  reports  it  in  the  region  of  "Barrens."  This  would  make  it  a  true 
northern  form  and  indicate  that  it  grew  in  a  cool  climate  and  in  both  dry,  sandy 
soil  and  low  ground.     No  specimens  were  examined. 
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Calopogon  puieheltu^' R,  Br.,  is  a  northern  species,  being  reported  from  St.  Jo- 
seph by  Dr.  Barnes,  whose  specimen  is  in  the  Purdue  Herbarium;  from  Steuben 
by  E.  Bradner,  and  from  Noble  by  Mr.  Van  Gorder,  who  states  that  it  is  very 
abundant  in  that  county  and  found  growing  in  the  same  locality  with  Pogonia 
ophioglossoides. 

Pogonia  is  represented  by  three  species:  ophioglossoideSy  pendula  and  veiticiUata, 

P.  ophioglossoides  Nutt.,  is  another  true  northern  form.  It  is  reported  from 
Lake  by  E.  J.  Hill,  from  Noble  by  W.  B.  Van  Gorder,  who  reports  it  to  be  very 
abundant  and  growing  in  cranberry  marshes  and  low  ground  along  the  Elkhart 
River,  and  from  Steuben  by  E.  Bradner. 

P.  perifiula  Lindl.,  is  reported  from  the  extreme  northern  and  extreme  southern 
portions  of  the  State.  From  Lake,  by  E.  J.  Hill,  as  very  rare ;  Noble,  by  W.  B. 
Van  Gorder,  as  rare  and  growing  in  rich  woods;  Steuben,  by  K  Bradner;  Gibson 
and  Posey,  by  Dr.  Schneck,  as  rare,  growing  in  damp,  rich  woods,  and  from  Jef- 
ferson, by  Dr.  J.  M.  Coulter. 

P.  veriiciUala  Nutt.,  has  been  reported  from  three  counties.  From  Monroe  by 
W.  S.  Blatchley,  Jefferson  by  Dr.  Barnes,  and  from  Noble  by  VV.  B.  Van  Gorder. 
Specimens  from  Noble  and  Jefferson  were  examined. 

Orchis  spectftbUe  L.,  is  the  most  widely  distributed  species  in  the  family,  being 
represented  in  twelve  counties.  It  has  been  reported  from  the  following:  Jay, 
Delaware,  Randolph  and  Wayne  in  the  east ;  Jefferson,  Clark  and  Monroe  in  the 
south;  Noble  and  Steuben  in  the  north;  Putnam  in  the  central;  Franklin  and 
Dearborn  in  the  southeast. 

Habenaria  is  represented  by  twelve  species. 

H.  tridentaUi  Hook.,  is  reported  from  Lake  by  E.  J.  Hill  whose  specimen  was 
examined. 

H,  r/r<y«5€rtj?  Spreng. ,  is  reported  from  Steuben  by  E.  Bradner.  No  specimen 
of  this  species  was  examined,  but  its  range  would  include  it  in  the  State  list. 

H.  bracteaia  R.  Br.  Mr.  Van  Gorder  reports  three  specimens  of  this  species 
from  Noble.  Dr.  Stanley  Coulter  says  that  it  is  fairly  abundant  in  Tippecanoe, 
being  reported  by  almost  every  class.     Specimens  from  both  counties  were  studied. 

//.  hyi>€i-horea  R.  Br.,  is  referred  to  Lake  in  the  State  Catalogue,  but  no 
authority  is  given  for  its  inclusion.  It  is  probably,  however,  based  upon  the  col- 
lection of  E.  J.  Hill. 

H.  Hookei'i  Torr.,  is  a  northern  form.  Mr.  Van  Gorder  reports  it  from  Noble. 
A  specimen  from  Lake  by  E.  J.  Hill  was  the  only  one  studied. 
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//.  orbieuUita  Torr.,  is  also  a  northern  species,  being  reported  only  from  Noble, 
where  it  is  very  rare  and  grows  in  rich  woods.  A  specimen  from  this  county  was 
examined. 

//.  ci/wrw  R.  Br. ,  is  reported  from  St.  Joseph  by  Dr.  Barnes,  from  Noble  by 
W.  B.  Van  Gorder  and  from  Steuben  bv  E.  Bradner. 

//.  leucophcca  Oray,  is  reported  from  Noble  by  W.  B.  Van  Gorder,  from  Steu- 
ben by  E.  Bradner  and  from  White  by  J.  Hussey. 

H,  Incera  R.  Br.,  is  reported  from  Noble,  where  it  grows  in  tamarack  marshes. 

JL  pin/eo(fe.s  Gray,  is  limited  to  the  eastern  half  of  the  State,  being  reported 
from  Jay,  Delaware  and  Randolph  by  Dr.  Phinney;  Clark  by  Baird  and  Taylor; 
Jefferson  by  Dr.  J.  M.  Coulter ;  Noble  by  W.  B.  Van  Gorder  and  Steuben  by  E. 
Bradner. 

77.  fimbriaia  R.  Br.,  has  been  reported  only  from  Clark  by  Messrs.  Baird  and 
Taylor. 

//.  peramo'nu  Gray,  is  a  southern  and  western  species.  A  specimen  from  Jef- 
ferson was  the  only  one  studied. 

Cypriitediuin  is  represented  by  five  species. 

C.  enndidum  Muhl,  has  been  reported  from  Steuben  by  E.  Bradner,  and  also 
from  Gibson  and  Posey  by  Dr.  Schneck,  who  states  that  it  was  at  one  time  very 
common  in  that  locality,  but  is  rapidly  disappearing. 

(.*.  panijiorum  Saliib.,  is  reported  from  Lake  and  Noble  in  the  north ;  Dearborn 
in  the  southeast;  Gibson  and  Posey  in  the  southwest.  In  Noble  it  is  rare  and 
grows  in  birch  marshes.  It  was  at  one  time  common  in  Gibson  and  Posey,  but  is 
becoming  rare. 

C.  pubesceiis  Willd.,  grows  in  northern  and  central  counties.  It  was,  at  one 
time,  common  in  Franklin,  but  is  becoming  rare.  Mr.  Van  Gorder  states  that  it 
is  very  common  in  dry  woods  in  Noble 

C  si>eetabile  Salisb.,  is  another  extreme  northern  species.  It  is  found  in 
Noble  growing  in  moist,  shady  places  of  tamarack  swamps  and  bogs.  It  is  re- 
ported also  from  Steuben  by  E.  Bradner. 

C.  amide  Ait.,  has  been  collected  in  Noble  by  VV.  B.  Van  Gorder  whose  speci- 
men was  examined.     It  is  also  reported  from  Lake. 

Out  of  the  thirty-seven  species  named  in  this  paper  twenty-seven  have  been 
verified  by  herbarium  specimens.  Most  of  the  others  doubtless  occur  in  the  State, 
as  they  have  been  reported  by  good  authorities. 

From  these  facts  we  find  that  the  following  species  are  found  only  in  the 
region  north  of  an  imaginary  line  drawn  east  and  west  through  Indianapolis: 
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Liparis  Loeselii,  Spiranthes  latifolia,  Goodyera  repens,  Arethusa  bulbosa,  Calopo- 
gon  pulchelliis,  Pogunia  ophioglossoides,  Habenaria  tridentata,  H.  virescens, 
H.  bracteata,  H.  Ilookeri,  H.  orbiculata,  H.  ciliaris,  H.  leucophsea,  H.  lacera, 
Cypripedium  spectabile  and  C.  acaule.  Of  these  the  following  are  confined  ex- 
clusively to  the  northern  tier  of  counties:  Goodyera  repens,  Arethusa  bulbosa^ 
Habenaria  tridentata,  H.  virescens  and  H.  hyperborea. 

The  following  are  reported  only  in  the  region  south  of  the  above  named  line: 
Microstylis  ophioglossoides,  Liparis  lilii folia,  Corallorhiza  innata,  Habenaria  fim- 
briata  and  H.  peranntna.  Habenaria  fimbriata  is  confined  exclusively  to  counties 
bordering  on  the  Ohio  river. 

Habenaria  virescens  and  (joodyera  repens  are  reported  only  from  Steuben 
County,  and  need  verifying  specimens  to  support  the  reference. 

Three  species,  viz.,  Arethusa  bulbosa,  Habenaria  tridentata  and  H.  hyper- 
borea, are  reported  exclusively  from  the  western  portion  of  the  State,  yet  it  is  a 
noteworthy  fact  that  all  three  come  from  Lake  County,  and  are  doubtless  ex- 
clusively northern  species.  In  all  probability  a  careful  study  of  the  flora  of  the 
northeastern  counties  would  show  no  division  between  the  eastern  and  western 
species. 
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FIRST  REPORT  OF  THE  BIOLOGICAL  STATION. 
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Introductory. 
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Relation  of  water  to  outflow  and  evaporation. 
Constancy  of  Turkey  Lake  as  a  unit  of  environment. 
A   Preliminary  Report  on  the  Physical  Features  of  Turkey  Lake — D.  Ct 

Ridgley. 
Hydrographic  map  of  Turkey  Lake — C.  Juday. 
Temperature  of  Turkey  Lake — J.  P.  Dolan. 

Part  IL— The  Inhabitants  of  Turkey  Lake. 
Note  on  Plankton — C.  H.  Eigenmann. 
General  Fauna — C.  H.  Eigenmann. 
leeches— Mrs.  B.  C.  Ridgley. 
Rotifera— D.  S.  Kellicott. 
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Fishes — C.  H.  Eigenmann. 
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TURKEY  LAKE*  AS  A  UNIT  OF  ENVIRONMLNT,  AND  THE 

VARIATION  OF  ITS  INHABITANTS. 


First  Report  of  the  Indiana  L'niversity  HioixxiicAL  Station.      By  C.  H. 

EirjENMANN.t 

Introductory. — At  tlu*  last  meeting  of  the  Academy  I  outlined  a  plan  for 
the  future  work  of  the  zoiilogical  section  of  the  hiologieal  survey  of  Indiana.  It 
was,  in  brief,  to  study  some  lake  as  a  unit  of  environment  and  the  variation  of  its 
inhahitants.  This  plan  has  materialized,  and  I  present  this  as  the  liiological  Sta- 
tion's Hrst  report. 

To  select  a  suitable  site  I  visited,  in  February,  IS^o,  lakes  Maxinkuekee,  Eagle 
and  Turkey.  The  lakes  were  frozen  over,  and  I  had  a  gootl  long  walk  (»Vfr  Max- 
inkuekee and  a  sleigh  ride  over  Turkey  Lake.  Turkey  Lake  seemed  well  suited 
for  a  starting  point  ior  the  work  in  hand.  In  March  I  again  visited  this  lake  to 
look  for  a  suitable  laboratory  and  (piarters.  A  laboratory  was  found  in  a  large 
boat-house  belonging  to  Mr.  T.  .1.  Vawter,  the  owner  of  Vawter  Park.  The  boat- 
house  i**  din*ct]y  on  the  water's  edge,  in  about  S<r  IS'  east  longitude  and  41^  •-3.5'' 
north  latituile.  In  March  the  lake  was  still  frozen  over  with  but  a  narrow  rim  of 
free  water  near  the  slM)re.  When  1  again  visited  the  lake,  to  make  the  final  ar- 
rangements, on  the  'MHh  of  May,  and  capture<l  snakes,  turtles,  frogs,  and  two  spe- 
cies of  spawning  Hshe-*.  all  within  a  hundred  feet  of  the  laboratory  door,  I  was 
convinced  that  no  mistake  had  been  made  in  the  Mdec'tion  of  a  locality.  l)eep 
water  near  the  laboratory,  a  spring  at  the  laboratory  d<»or,  the  situation  of  the 
laboratory  nearly  e«|iiidi>tanl  from  either  en<l  of  the  lake,  high  land  all  about  the 
laboratory,  the  nearness  of  such  large  Ixxlies  of  water  as  Lake  'JMpi»ecanoe  of  an- 
other river  svstem,  and  a  large  number  of  smaller  lakeh'ts  within  a  rtiile  of  Turkev 
Lake,  all  contributed  to  make  the  locatit)n  selected  as  near  perfect  as  could  be  ex- 
pecle*! 


*The  only  re<'firde«l  iiaino  of  this  lake  ?oom  t«)  Im»  Turkey.  It  appenrH  ?o  iu  the  urovern- 
ment  survey!*  of  IKW,  and  nn  all  tlx-  maps  pllhIi^tH.•ll  .«iii<*c  that  time.  I  am  told  that  it  re- 
ceived that  name  \'uiu\  the  lanrit-il  rcsemifhiiifc  of  the  R(*nerid  outline  of  the  lake  to  n 
Thanksfrivin?  turkey.  l)urin»r  thr  last  few  years  the  ):ikt»  ha><  been  known  to  those  person- 
ally acquainteil  with  it  as  Lake  Wawaseo,  and  there  seems  to  he  a  laudable  ambition  that 
this  latter  name  should  supplant  the  homlter,  but  iM«>re  significant,  name  of  Turkey.  The 
lt>wer  lake  is  locally  known  as  Syra«'use  Lake. 

The  following  letter  wai  reeeive<l  from  the  Director  of  the  Bureau  of  American 
Kthnolofry  :  In  response  to  your  letter  of  De«'ember  rtth  last.  I  boK  leave  to  inform  you  that 
the  word  **  wa-wa-seo,"  "  wa-wii-.'.i  "  or  **  wa-wa-einR,'"  sitrnifies  *'  at  the  bend  of  a  river." 

Yours  with  respect,  J.  W.  Powkll. 

tContributions  from  the  Zoolofricnl  Laboratory  of  the  Indiana  University,  No.  14. 


205 

A  twelve- room  cottage  was  rented,  in  which  fifteen  of  the  niemberH  of  the  Station 
besides  my  family  were  quartered.  While  a  summer  cottage,  thus  peopled,  is 
not  a  good  place  for  consecutive  thinking,  this  exi)erience  will  also  be  remem- 
bered with  pleasure.  Most  of  the  students  rented  a  large  (lining  tent  and  hired  a 
cook.  Others  tented  and  boarded  themselves.  Their  expenses  ranged  from  $1.25 
to  $3  per  week. 

The  laboratory  was  open  from  June  25  to  September  1. 

Acknowledgments. — Mr.  T.  J.  Vawter,  besides  placing  the  boat  hou!»e  at 
our  disposal,  gave  us  camping  ground  just  back  of  the  laboratory,  and  assisted  us 
in  various  ways,  both  in  fitting  up  the  Station  and  during  the  entire  summer. 

I  am  under  many  obligations  to  the  officers  of  the  Baltimore  A:  Ohio,  the 
Vandalia  and  the  Michigan  Division  of  the  Ilig  Four  for  transportation  over  their 
lines  leading  to  Vawter  Park,  and  for  other  favors. 

During  our  stay  at  Tippecanoe  Mr.  W.  S.  Standish  assisted  us  very  materially. 
He  toiik  the  whole  party  on  a  tour  of  general  insf)ection  nbout  the  lake  from  end 
to  end,  and  placed  himself  and  his  st  amer  at  our  di>posal  during  our  entire  stay. 

The  Pottawatomie  Club  granted  us  the  use  of  their  reception  room,  where 
some  of  the  lectures  were  delivered. 

Professors  Hirge,  Kellicott  and  Call  have  prepared  accounts  of  material  col- 
lected during  the  summer. 

1  must  especially  thank  Dr.  J.  C.  Arthur,  Dr.  0.  Baur  and  (ieologist  Willis 
Blatchley,  who  visited  the  Station  to  deliver  lectures  before  the  members. 

Lastly,  1  am  indebteil  to  Mr.  J.  P.  Dolan,  superintendent  of  the  Syracuse 
schools.  He  first  directly,  and  through  Mr.  Kli  Lilly,  of  Indianaptdis,  called  my 
attention  to  Turkey  Lake,  met  me  at  Warsaw,  and  guided  me  to  the  lake  and  over 
and  around  it  on  my  first  visit.  During  the  summer  he  furnished  the  Station 
with  a  splendid  row-boat,  and  by  his  knowledge  of  the  lake  and  its  surroundings 
and  personal  acquaintance  with  the  natives  contributed  much  to  the  success  of  the 
undertaking. 

t/^uiTMENT. — The  equipment  of  the  Station  consisted  of  a  room  18x30  feet, 
with  six  windows  on  a  side.  In  this  space  the  twenty-two  members  of  the  Station 
were  proviiled  with  tables.  Continuous  with  this  available  laboratory  si>ace  was  a 
space  18x20,  opening  by  very  wide  doors  to  the  lake  front.  This  space  was  util- 
ized for  storing  apparatus.  The  apparatus,  nearly  all  furnished  by  the  Indiana 
University,  was  as  follows:  Compound  microscopes  (Zeiss),  21  ;  dissecting  micro- 
scopes, 3;  microtome,  1;  dredge,  1;  plankton  net,  1;  Birge  net,  1;  dipnets;  re- 
agents, about  200  bottles;  working  library,  about  200  volumes;  Wilder's  protected 
thermometer,    1;    lamps,   glassware,   etc.,   the  usual  equipment  of   a    laboratory 
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tables  two  boats;  one  sounding  machine.     The  plankton  net  and  sounding  appa- 
ratus and  the  method  of  using  them  may  be  described  here. 

Plankton  Net. — An  idea  of  our  plankton  apparatus  and  its  modus  operandi 
can  be  gathered  from  one  of  the  illustrations.  The  sounding  boat  was  fitted  in 
the  stern  with  a  swinging  derrick.  Through  the  end  of  this  was  attached  a 
pulley,  through  which  the  rope  supporting  the  net  passed.  The  derrick  was  high 
enough  to  allow  the  net  to  swing  clear  of  the  sides  of  the  boat,  so  that  when  a 
haul  had  been  made,  the  net  could  be  swung  forward  over  a  tray  of  tubes,  ready 
to  receive  the  condensed  plankton.  The  depth  through  which  hauls  were  made 
could  be  ascertained  either  by  means  of  the  sounding  apparatus  or  by  the  direct 
measurement  of  the  plankton  rope.  The  plankton  net  was  built  essentially  as 
devised  by  Hensen  and  Apstein,  except  that  the  straining  net  of  No.  20  silk  bolt- 
ing cloth,  Dufour's,  was  permanently  attached  to  the  truncated  cone  of  canvas. 
The  bucket  which  receives  the  plankton  was  from  necessity  greatly  simplified,  but 
as  no  measurements  were  made  with  it,  and  further  improvement,  both  in  effi- 
ciency and  simplicity,  have  been  devised,  I  will  describe  this  instrument  as  it  will 
be  made  for  next  summer. 

The  diameter  of  the  bucket  w^ili  be  made  one  and  one-half  inches.  Its  bot- 
tom will  be  of  a  sheet  of  brass  or  copper,  hammered  so  that  it  will  be  slightly 
concave  or  cup-shaped.  A  hole  will  be  punched  from  the  inside  and  provided 
with  a  nipple  soldered  on  the  outside.  The  sides  of  the  bucket  will  be  made  of 
one  piece  of  wire  net  of  the  same  caliber  as  the  No.  20  bolting  cloth  of  Dufour.* 
The  upper  part  of  the  bucket  will  consist  of  a  Hat  brass  or  copper  ring  soldered  to 
the  wire  sides,  and  provided  with  openings  through  which  the  binding  screws, 
fastening  the  whole  bucket  to  the  net,  may  pass.  Three  legs  of  narrow  strips  of  cop- 
per passing  from  the  upper  ring  along  the  sides  of  the  bucket,  being  also  fastened  t© 
the  bottom,  will  give  rigidity  to  the  sides  and  form  a  8ui>p«»rt  for  the  bucket  when 
it  is  being  emptied.  To  the  nipple  at  the  bottom  of  the  bucket  will  be  attached 
a  short  rubber  tube.  The  opening  in  the  bottom  will  be  closed  with  a  tight-fitting 
rubber  stopper,  manipulated  from  above  by  a  glass  rod  passing  through  its  mid- 
dle. The  whole  cost  of  the  bucket  need  not  exceed  $8.o0.  The  estimate  received 
on  one  of  Hensen's  pattern  was  $25. 

'-'  Only  part  of  the  sides  were  made  of  the  wire  netting  during  the  past  summer.  A 
piece  of  new  bolting  cloth  was  found  to  have  83  per  cent,  of  its  surface  solid,  17  per  cent, 
being  open  for  the  passage  of  water.  The  wire  cloth  used  during  the  past  summer  had  77 
per  cent,  of  its  surface  solid,  23  per  cent,  being  open  for  the  passage  of  water.  Repeated 
trials  of  forcing  water  thick  with  plankton  through  the  bolting  cloth  and  through  the  wire 
showed  that  the  wire  was  under  such  conditions  a  more  effective  strainer  than  the  cloth. 
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Sounding  Apparatus  and  Method  of  Using  it. — A  flat-bottomed  boat 
capable  of  running  into  shore  at  all  points  was  manned  by  three  persons.  One 
who  was  an  expert  and  steady  oarsman  at  the  oars,  one  in  the  stern  to  take  notes 
and  steer,  and  one  in  the  bow  to  make  the  soundings.  The  sounding  apparatus 
consisted  of  a  wheel  two  inches  wide  with  a  circumference  at  the  bottom  of  a  flat 
marginal  groove  of  one  foot  ten  inches.  (It  had  been  ordered  with  a  circumference 
of  two  feet.)  On  the  drum  was  wound  175  feet  of  fine  annealed  wire.  This,  whtn 
wound,  forme<l  less  than  two  layers  over  all  parts  of  the  drum.  The  weight  con- 
sisted of  a  round  pebble  as  large  as  a  fist  and  was  tied  in  a  piece  of  cheese  cloth. 
This  was  a  very  simple  and  eflicient  piece  of  apparatus.  The  weight,  if  lost,  could 
easily  be  replaced  by  one  of  several  others  carried  along,  and  the  wire  was  found 
sufficient  for  the  whole  summer's  work.  The  original  cost  plus  the  cost  incident 
to  its  operation  did  not  exceed  $1.50.  The  wheel  was  provided  with  a  crank  and 
being  of  a  definite  circumference  the  depth  was  measured  by  the  number  of  turns 
it  touk  to  raise  the  weight  from  the  bottom  to  the  surface.  This  apparatus  would 
be  eflicient  in  any  lake  of  moderate  depth.  To  run  a  line  of  soundings  the  bear> 
ing  to  the  objective  point  on  the  distant  shore  were  taken  from  the  starting  point 
with  a  compass.  The  oarsman  pulled  thirty  strokes,  backed  water  and  held  the 
boat.  A  sounding  was  made  in  the  bow  and  the  depth  recorded  by  the  man  in 
the  stern.  It  was  found  that  with  the  boat  always  used  for  the  purpose,  manned 
as  above  in  calm  weather,  when  all  the  sounding  was  done,  30  strokes  moved  the 
boat  300  feet.  This  method  proved  entirely  satisfactory  in  short  lines  a  mile  and 
a  half  in  length.     In  long  lines  it  proved  unsatisfactory. 

Additions  to  the  tx^uiPMENT.  A  new  laboratory  18x55  feet,  two  stories 
high,  will  be  ready  for  occupation  by  June  1  of  1896. 

A  partial  description  of  new  apparatus  devised  for  next  summer's  work  may 
be  given. 

One  flat-bottomed  boat  similar  to  sounding  boat,  12  feet,  2  oars. 

One  flat-bottomed  boat  15  feet,  four  oars.     Plankton  apparatus. 

Three  glass- bottomed  galvanized  iron  boats  about  12  inches  in  diameter  to 
explore  bottom. 

One  galvanised  iron  tube  2  inches  by  20  feet,  glass  ends  and  funnels  for  fill- 
ing or  emptying,  to  determine  color  of  water. 

Automatic  recording  apparatus  to  observe  seiches. 

Plan  of  Work. — It  must  be  understood  that  the  undertaking  was  quite 
expensive  both  in  time  and  in  money.  The  Indiana  University  endorsed  the 
plans  and  lent  apparatus  from  the  zoological  laboratory  with  the  provision  that 
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the  Station  be  of  no  expense  to  the  University.  At  the  end  of  the  season  the  Uni- 
yersitv  paid  for  some  of  the  apparatus  specially  designed  for  the  Station,  which 
thus  became  the  permanent  property  of  the  UniTersity.  In  order  to  defray  ex- 
penses, a  series  of  courses  in  elementary  and  advance^l  instruction  were  offered 
and  given.  Each  one  of  the  advanced  students  and  the  instructors  took  charge  of 
some  particular  work  of  the  survey.  The  preliminary  reports  of  some  of  these, 
form  part  of  this  first  report.     The  work  was  distributed  as  follows : 

C.  H.  Eigenmann,  Director. 

W.  J.  Moenkhaus,  Variations  in  Etheostoma. 
F.  M.  Chamberlain,  Variations  in  Lepomis. 
J.  H.  Voris,  Variations  in  Pimephales 

D.  C.  Ridgley,  Physical  Survey  and  Variations  in  Micropterus. 
Bessie  C.  Ridgley,  Variations  in  Labidesthes. 

Thom.  Large,  Physical  Survey  and  Variations  in  Fundulus. 

Chancy  Juday,  Physical  Survey  and  Plankton ist. 

Curtis  Atkinson,  Variations  in  Batrachians. 

H.  G.  Reddick,  Variations  in  Reptiles. 

0.  M.  Meincke,  Botanist. 

J.  P.  Dolan,  Meteorologist. 

The  work  of  but  few  has  progressed  far  enough  to  justify  even  **forliiufige" 
notices.  We  have  but  just  begun  our  work,  and  the  Station  will  remain  at  least 
three  years  longer  at  the  same  place.  Excursions  were  made  to  lakes  Tippecanoe, 
Webster,  and  Shoe  in  the  Mississippi  basins. 

While  much  of  this  report  is  taken  up  with  the  physical  features  of  the  lake, 
and  the  enumeration  of  the  inhabitants,  it  must  be  borne  in  mind  that  the  phy- 
sical studies  are  merely  a  means  to  an  end.  That  however  interesting  in  them- 
«elves,  to  us  they  are  only  interesting  as  far  as  they  form  part  of  the  environment 
of  the  highest  creatures  making  the  lake  their  permanent  home.  It  may  even  be 
that  some  of  the  things  considered  or  to  be  considered,  form  in  reality  no  part  of 
the  environment  of  the  vertebrates,  i.  e,.^  that  they  in  no  way  affect  them,  but 
this  is  a  matter  that  must  be  determined,  and  for  the  present  we  must  consider  as 
many  things  as  \na\f  influence  them.  The  things  probably  most  directly  influenc- 
ing the  higher  forms  to  be  found  in  a  lake  are  light,  temperature  and  food.  The 
last  item  is  again  conditioned  as  the  highest  forms  are,  so  that  nothing  short  of  a 
complete  understanding  of  the  conditions  will  be  sufficient.  A  lake  seemed  to  me 
the  ideal  place  because  here  the  changes  due  to  light,  temperature,  change  of 
water  or  surface  are  reduceil  to  the  minimum  to  be  found  in  this  latitude.     A 


209 

8ma]l  lake  is  better  than  a  large  lake,  because  the  unknown  elements  can  be  re- 
duced to  a  smaller  number. 

We  have  attempted  to  collect  specimens  of  the  higher  creatures  in  such 
numbers  and  sizes,  that  had  we  collected  all  the  specimens  in  the  lake,  our  results 
would  not  be  different.     How  far  we  have  succeeded  in  this  remains  to  be  seen. 

The  main  object  of  the  Station  is  the  Ftudy  of  the  variation  of  the  non-migra- 
tory inhabitants.  I  may  be  permitted  to  quote  here  the  plan  as  stated  in  the 
circular  ifesued  by  the  Station  last  spring. 

The  main  object  of  the  Station  will  be  the  study  of  variation.  For  this  pur- 
pose a  small  lake  will  present  a  limited,  well  circumscribed  locality,  within  which 
the  difTerence  of  environmental  influences  will  be  reduced  to  a  minimum.  The  study 
will  c  insist  in  the  determination  of  the  extent  of  variation  in  the  non-migratory  ver- 
tebrates, the  kind  of  variation,  whether  continuous  or  discontinuous,  the  quantita- 
tive variation,  and  the  direction  of  variation.  In  this  way  it  is  hoped  to  survey 
a  base  line  which  can  be  utilized  in  studying  the  variation  of  the  same  species 
throughout  their  distribution.  This  study  should  be  carried  on  for  a  series  of 
years,  or  at  least  be  repeated  at  detinite  intervals  to  determine  the  annual  or 
periodic  variation  from  the  mean.  A  comparison  of  this  variation  in  the  same 
animals  in  other  similarlv  limited  and  well  circumscribed  areas,  and  the  correla- 
tion  of  the  variation  of  a  number  of  species  in  these  areas  will  demonstrate  the 
influence  of  the  changed  environment,  and  will  be  a  simple,  inexpensive  substi- 
tute for  much  expensive  experimental  work. 

For  this  work  the  situation  of  Lake  Wawasee,  surrounded  as  it  is  by  other 
lakes,  some  of  them  belonging  to  other  river  basins  will  be  admirably  adapted. 

In  connection  with  this  study  of  the  developed  forms,  the  variation  in  the  de- 
velopment itself  will  receive  attention.  For  instance  the  variation  in  segmenta- 
tion, the  frequency  of  such  variation,  and  the  relation  of  such  variation  in  the 
development  to  the  variation  in  the  adult,  and  the  mechanical  causes  affecting 
variation. 

This  plan  will  be  moditled  as  our  knowledge  grows  and  our  experiences  dictate. 

PART  I.     THE  LAKE  AS  A  UNIT  OF  ENVIRONMENT. 

Introductory.  -A  lake  is  a  depression  in  the  ground  filled  with  water  more 
or  less  stagnant. 

A  glance  at  a  good  map  of  North  America  will  show  the  following  peculiar- 
ities in  the  distribution  of  lakes: 

I.    A  large  number  of  lakes  are  found  in  Florida. 

(14) 
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II.  A  ho8t  of  them  are  distributed  in  northern  United  States  and  Canada^ 
including  the  greatest  collection  of  fresh  waters  on  the  globe. 

III.  A  good  number  in  the  Sierra  Nevada  and  the  Rocky  Mountains. 

The  remainder  of  the  country  from  the  southern  boundary  of  Georgia  to  the 
northern  boundary  of  Pennsylvania  west  to  the  Rockies  is  practically  free  from 
lakes,  except 

IV.  along  either  side  of  the  lower  Mississippi  and  Re<l  Rivers. 

These  four  groups  of  lakes  are  due  to  four  different  methods  of  lake  forma- 
tion, but  all  four  are  indicative  of  the  fact  that  the  lake- rich  areas  have  under- 
gone recent  change. 

The  first  series  is  due  to  the  comparatively  recent  elevation  of  an  irregular 
opean  floor.  The  second  series  is  due  to  the  action  of  ice  in  the  irregular  gouging 
and  irregular  dumping  of  debris.  These  are  all  of  recent  date,  probably  none  of 
them  being  over  10,000  years  old.  The  third  series  is  due  to  the  exigencies  of 
mountain  formations,  including  in  this  plication  and  plication  hollows,  craters 
and  lava  flows  and  the  settling  of  small  areas.  The  fourth  is  due  to  the  change 
of  channel  on  the  part  of  the  Mississippi  and  to  the  debris  brought  down  by  the 
Red  River  which  it  has  deposited  at  the  mouths  of  its  tributaries.* 

Of  course  the  lakes  of  one  of  these  regions  need  not  be  all  of  the  same  origin. 
Smnll  lakelets  around  Lake  Tahoe  in  the  Sierra  Nevada  are  certainlv  due  to  the 
gouging  action  of  glaciers  coming  from  a  steep  incline  onto  a  comparatively  level 
plain.  Generally  speaking,  mountain  regions,  unless,  as  in  the  case  of  the 
Appalachian,  they  have  outgrown  their  lake  stage,  contain  lakes  of  the  greatest 
diversity  of  origin. 

Lakes  are  of  interest  to  the  geologist  to  determine  the  particular  way  in 
which  a  general  cause  has  been  modified  to  produce  a  particular  efifect  at  any 
particular  lake;  to  the  physicist  to  account  for  the  various  colors,  temperatures, 
pressures,  reflections,  refractions,  etc.;  to  the  chemist  to  determine  the  degree  of 
concentration  of  minerals  and  gases  in  solution;  they  are  of  interest  to  the 
naturalist  to  determine  the  organic  inhabitants,  their  quantity  and  kind  and 
their  life  histories ;  to  the  (geologist  and  evolutionist  to  determine  the  geological^ 
physical  and  chemical  characters  in  their  eflTect  on  the  organic  inhabitants  and 
these  on  each  other. 

Lakes  may  therefore  be  studied  for  other  than  purely  economic  interests^ 
such  as  water  supplies  and  highways  for  commerce  or  location  of  summer  resorts. 

"^The  facts  for  the  foregoing  have  largely  been  drawn  from  Russell's  American  Lakes, 
(linn  &  Co.,  1895. 
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Orientation. — A  hight  of  land  (morain)  extends  from  the  northeastern  corner 
-of  Indiana  directly  southwest  to  south  of  Albion  in  Noble  County^  and  from  here 
westward  between  Turkey  Lake  and  Tippecanoe  Lake,  then  northwest  through 
Nappanee  in  Elkhart  County  to  near  South  Bend.  In  its  range  from  the  north- 
eastern corner  to  south  of  Albion  this  ridge  separates  the  Lake  Michigan  from  the 
Lake  Erie  basin.  West  of  this  it  separates  Lake  Michigan  basin  from  the  Ohio 
basin,  and  still  farther  west  from  the  Mississippi  basin  proper.  In  the  eastern 
half  of  Indiana  this  ridge  is  exceedingly  rich  in  lakes.  Most  of  these  lie  on  the 
northern  side  of  the  divide,  but  about  the  headwaters  of  the  Tippecanoe  and  Blue 
rivers  many  are  also  found  on  the  south  side  of  the  divide.  A  glance  at  the  map 
leaves  the  impression  that  this  region  is  low  and  swampy,  while  in  reality  this 
whole  region  forms  one  of  the  highlands  of  Indiana,  a  considerable  part  being 
over  1,000  feet  high. 

Turkey  Lake  is  the  most  western  lake  of  this  series  lying  north  of  the  divide. 

It  lies  in  Turkey  Creek  Township,  in  the  northeastern  corner  of  Kosciusko 
'C4:)Unty.  South  of  the  ridge  separating  the  Mississippi  and  St.  Lawrence  basins 
at  this  point  lie  Webster  and  Tippecanoe  lakes,  and  south  of  these  the  Barber  lakes 
and  Shoe  Lake.  Between  the  crest  of  the  ridge  and  Turkey  Lake  the  country  is 
pitted  and  grooved.  Many  of  the  pits  are  filled  with  water,  forming  ponds  of 
various  sizes.  One  of  these  has  recently  been  drained.  Many  more  lakelets  are 
found  about  the  head  of  Turkey  Lake,  but  the  topography  of  this  region  will  be 
dealt  with  in  one  of  the  following  reports.  This  whole  region  gives  one  the  im- 
pression that  it  has  changed  but  little  since  the  ice  left  it. 

<teneral  Features. — The  lake  has  a  general  trend  from  southeast  to  north- 
west. It  is  divided  by  a  wide  stretch  of  very  shallow  water,  which  is  fast  being 
reclaimed  by  various  water  plants.  A  deeper  channel  extends  through  this 
swampy  region,  connecting  the  upper  and  lower  portions. 

The  greatest  length  from  the  head  of  Turkey  Lake  to  the  end  of  Syracuse 
Lake  is  live  iind  one-half  miles.  The  width,  measured  at  right  angles  to  such  a 
line,  rarely  exceeds  a  mile.  The  greatest  width  is  just  east  of  Ogden  Point,  where 
it  measures  oue  and  a  half  miles.  The  length  of  Turkey  Lake  from  Mineral 
Point  to  Conkling  Ilill  is  about  four  miles.  The  total  shore  line  is  between  twenty 
and  twentv-one  miles. 

The  excellent  map  prepared  by  Messrs.  Juday  and  Kidgley,  based  as  it  is  on 
numerous  soundings,  shows  the  lake  bottom  to  be  of  the  same  rolling  character  as 
the  surrounding  region.  A  lowering  of  the  surface  of  the  lake  ten  feet  would 
make  the  long  stretch  of  territory  between  Syracuse  and  Turkey  lakes  dry  land, 
and  make  the  lake  entirely  landlocked. 
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The  siiuilarity  of  the  lake  bottom  to  the  surrounding  country,  which  seems  to 
have  l)een  little  changed  by  erosion,  makes  it  quite  certain  that  the  lake  basin  is 
due  to  the  irregular  dumping  in  a  terminal  moiaine,  parts  of  it  containing  deeper 
kettle  holes. 

The  lake  was  never  much  more  extensive  than  now.  There  are  evidences 
that  the  surface  was  a  few  feet  higher.  These  will  be  considere<^l  in  a  later  report. 
The  lake  is  surrounded  by  extensive  swamps  on  the  east,  north,  and  west;  these 
would  practically  all  be  covered  by  water  should  the  surface  of  the  lake  l)e  raised 
five  feet.  The  hydrographic  basin  is  K)  small  that  at  present  but  seven  inches  of 
water  are  removed  from  the  surface  by  outHow,  while  thirty  are  removed  by  evap- 
oration. The  lake  having  a  surface  of  o.O  square  miles,  an  increase  of  this  sur- 
face by  ,'„,  or  about  one  and  a  third  square  miles,  would  be  sufficient  to  allow 
all  the  wattT  coming  into  the  lake  to  be  lost  by  evaporation  except  in  wet  season?. 
The  >urface  of  the  lake,  therefore,  can  not  have  been  very  much  higher  than  at 
present  it  the  present  precipitation  and  evapt)rati(jn  havf  been  constant  since  the 
ice  K'lt  thi-^  rejjion.  The  lake  has  been  about  six  or  seven  feet  lower,  having  been 
raised  to  its  present  height  by  the  building  of  a  dam  across  its  outlet.  The  changes 
due  to  this  dam  an<l  to  the  eucniachment  of  plants  will  be  considered  in  another 
repiul. 

Sizi:.  -  Tlie  total  area  now  under  water  is  r).0')l)72J  square  miles.  This  area 
was  obtained  by  weighing  a  sheet  of  paper  of  uniform  thickness  and  of  the  sha)>e 
ot  the  whole  area  to  be  ("alculated,  and  couiparing  this  weight  with  the  weight  of 
a  >Jiiiare  nf  the  same  paper  ctivering  a  square  mile.  This  method  is  much  more 
expeditious  than  calculating  such  an  irregular  bo<ly  as  these  lakes  in  the  absence 
ol  a  planiiueter,  and  »|uile  as  exact.  The  same  metluxl  was  used  in  determining 
the  areas  l>elow  which  there  is  it  certain  depth  of  water,  with  the  following  results: 

heplh  «)1'  Area  in  Amount  of  Water 

\V liter.  Square  Miles.  in  Cubic  Miles. 

1-10  feet 3.27777  .0<»310395 

10-20  feet 5U027        -  .O0167(jy0 

20  :iO  leet t)2o00  .00314S(^>7 

:;0-40  feet 45833  .00303817 

40-O0  feet    3<»583  .00:W7166 

oO-OO  feet 22yi8  .00231162 

t)0-70  feet Ot)J)4  .00082026 

5.64576  .0174712 

Error  to  be  distributed .  1396 

5.65072 
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Forel  (Faone  profonde  deB  lacs  Suisses,  p.  5)  proposed  to  estimate  the  volume 
of  a  lake  by  comparing  it  with  a  cone  whose  height  is  the  maximum  depth,  and 
whose  base  is  the  surface  of  the  lake.  Estimated  in  this  wav  he  found  the  cone 
gave  but  .(57  of  the  actual  volume  of  Lake  (ieneva.  A  similar  estimate  for  Tur- 
key Lake  will  give  us  .024654  cubic  miles,  or  considerably  more  than  the  actual 
value.  The  average  depth  obtained  by  dividing  the  cubic  contents  by  the  surface 
gives  us  16.6  feet.  All  these  measurements  were  made  during  the  summer  of  1.S95 
when  the  lake  was  below  the  average  height,  so  that  17  feet  will  probably  be  nearer 
the  average  depth.  It  will  be  found  that  by  another  method  Mr.  Hidgley  <»btained 
21  feet  as  the  average  depth. 

Over  half  the  area  contains  water  less  than  10  feet  <ieep.  A  reduction  of 
thirty  feet  below  the  present  level  would  reduce  the  lake  to  a  Y-shape<i  figure  ex- 
tending nearly  from  end  in  end  of  the  present  lake.  One  of  the  horns  of  the  Y 
would  extend  to  Crow's  Bay,  the  other  to  Mineral  Point.  The  base  of  the  figure 
would  lie  to  the  west  of  Black  Stump  Point.  Between  the  horns  of  the  Y  we 
should  have  a  peninsula  continuous  with  Morrison's  Island,  which  i«<  the  la>t  of  a 
series  of  jslsmds  left  in  the  lake.  During  the  ancient  history  of  the  lake  the  land 
about  Buttermilk  Point  was  an  island,  and  ridges  of  land  east  and  west  of  this 
lonncii  the  islands,  (hie  of  these  is  seen  in  the  illustration.  The  detailed  descrip- 
tion of  the  hydrography  of  the  lake  will  be  given  in  the  map  and  Mr.  K  dgley's 
report. 

Relation  of  Water  to  Oitfi.ow  and  KvArt>RATioN.  -Without  any  addi- 
tion to  the  water  of  the  lake  the  tjuantity  now  in  the  lake  wouhl  be  sufficient  to 
supply  the  present  outlet  for  26  years. ' 

In  other  W()r(ls,  every  cubic  foot  of  water  entering  the  lake  will  remain  in  it 
on  an  average  of  twenty-six  years,  unless  removed  by  evaporation.  Kidgley  esti- 
mates that  the  inflow  from  springs  ejjuals  the  outflow,  yet  the  lake  was  observed 
to  fall  on  an  average  of  one-quarter  inch  per  day,  rising  of  course  during  rains. 
That  the  outflow  will  not  account  for  the  fall  of  the  lake  is  sullicientiv  shown  bv 
the  fact  that  the  calculated  fall  due  to  the  outflow  is  but  .0016  inches  per  day. 
(Si.*e  Ki<lgley's  report).  The  remainder  of  the  fall  must  be  <lue  to  evaporation 
and  seepage,  very  largely  to  the  former.  Attempts  were  n>a<le  to  estimate  the 
amount  of  evaporation  from  the  surface,  but  they  proved  failures.  It  is  self-evi- 
dent that  simply  exposing  water  in  an  open  dish  will  not  answer  the  jiurpose  of 
estimating  the  amount  of  evaporation  in  the  lake  for  the  reason  that  water  in  a 
shallow  dish  is  heated  to  \ery  difTerent  degrees  from  the  water  of  the  lake.     An 


'Biised  on  Kidgley'?  and  Juday'p  estimate  of  the  outflow,  and  my  eritimate  of  the  lake':* 
contents. 
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apparatus  which  promised  to  measure  the  evaporation  accurately  and  at  the  same 
time  do  several  other  things  was  devised,  but  it  proved  a  failure  because  it  could 
not  be  well  protected  in  rough  weather  and  still  maintain  natural  conditions. 
The  apparatus  which  we  hope  we  shall  be  able  to  perfect  is  as  follows: 

A  glass  jar  9  inches  in  diameter  and  12  inches  high  with  a  small  hole  near  the 
bottom  and  open  at  the  top  is  sunk  into  the  lake  to  within  two  inches  of  its  top. 
When  the  water  in  the  jar  has  reached  the  level  of  the  lake  water  a  tight  rubber 
Btopper  is  inserted  in  the  small  opening  from  without.  T)ie  column  of  water  in 
such  a  jar  would  be  as  near  as  possible  under  the  same  conditions  as  the  surround- 
ing water,  and  the  fall  of  the  water  in  the  jar,  plus  the  amount  of  rainfall  for  the 
period,  would  very  closely  apj)roximate  the  amount  of  evaporation.  This  appa- 
ratus would  also  enable  one  to  get  at  the  amount  of  water  received  from  springs 
and  other  sources  aside  from  rain  falling  directly  into  the  lake.  The  amount  of 
reduction  due  to  outflow  from  the  lake  can  readily  be  calculated  by  observing  the 
outlet.  Mr.  Kidgley  has  estimated  it  at  .0017  inches  per  day.  If  at  the  end  of 
thirty  days  there  was  a  difference  between  the  water  in  the  jar  and  the  water  in 
the  lake,  less  the  calculated  reduction  of  the  lake  due  to  outflow,  the  difference 
would  represent  the  inflow  from  springs  and  other  tributaries  during  thirty  days. 

The  lake  is  frozen  over  about  four  months  in  a  year.  During  the  remaining 
eight  months  evaporation  is  going  on  at  a  maximum  rate  of  one-fourth  inch  per 
day  and  a  niinimun  of  0.  Taking  one-eighth  inch  per  day  as  the  average,  we 
obtain  about  thirty  inches  as  the  amount  of  the  annual  evaporation.  At  this  rate 
the  lake,  if  without  income,  would  become  dry  in  twenty-eight  years.  Four 
years  wouM  reduce  the  lake  to  half  its  present  size. 

Outflow  and  evaporation  operating  together  would  reduce  the  level  at  the  fol- 
lowing rate : 


Time 

in  Years. 

Reduction  by 
Outflow. 

Reduction  by 
Evaporation. 

Total  Reduction. 

3 
3 
2 
2 
2 
1 
1 

about 

1  ft.     9  in. 
4 

3  2 

4  8 
«          8 

5  2 
17          7 

7  ft.     6  in. 

7          6 

5 

5 

5 

2          6 

2          6 

9  ft.     3  in. 
11          6 

8  2 

9  8 
11          8 

7          6 
10          1 

14 

33          2 

35 

68 

21& 

These  figures  do  not  claim  any  great  degree  of  accuracy;  they  simply  help 
to  form  an  estimate  of  the  length  of  time  it  would  take  both  the  outflow  and 
evaporation  together  to  empty  the  lake.  But  while  it  would  take  both  the  out- 
How  and  the  evaporation  fourteen  years  to  empty  the  lake,  one-fourteenth  does 
not  express  the  per  cent,  of  the  water  of  the  lake  changed  annually  under  present 
conditions.  Since  the  vertical  reduction  is  the  same  whether  the  surface  is  large 
or  small,  it  is  evident  that  a  much  larger  amount  would  be  evaporated  while  the 
surface  is  large.  In  reality,  if  a  bulk  were  to  be  taken  from  the  lake  equal  to  the 
outflow,  plus  the  evaporation  over  the  present  area,  about  six  years  would  be  suf- 
ficient to  empty  the  lake,  or,  to  put  it  in  other  words,  during  average  years  every 
cubic  foot  of  water  entering  the  lake  remains  on  an  average  six  years.  During 
very  wet  seasons  the  amount  of  loss  may  reach  a  much  larger  proportion  of  the 
whole  contents.  , 

CoNSTAXCv  OF  TuRKEY  Lake  AS  A  Unit  OF  ENVIRONMENT.— From  the 
preceding  chapter  it  must  be  evident  that  the  conditions  in  the  lake,  from  month 
to  month  and  from  year  to  year  are  but  little  changed,  that  the  conditions,  as  far 
as  the  water  is  concerned,  are  remarkably  constant,  especially  if  we  compare  these 
conditions  to  those  obtaining  in  the  lower  courses  of  such  rivers  as  the  Wabash  or 
the  Illinois. 

In  the  early  part  of  this  century  a  dam  was  built  across  the  mouth  of  the 
outlet  forming  an  effective  barrier  to  the  ingress  of  fishes  from  below.  The  lakes 
being  at  the  headwaters,  nothing  has  entered  it  from  above.  A  few  forms  were 
planted  in  recent  years  by  Col.  Lilly  of  Indianapolis. 

The  level  of  the  lake  was  changed  by  the  building  of  the  dam,  and  as  late  as 
1840  trees  were  standing  in  water  six  to  seven  feet  deep.  Many  of  the  stumps 
still  remain.  Their  location  and  the  effect  of  the  dam  upon  the  lake  will  be  dis- 
cussed elsewhere. 
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assistance  of  Mr.  Chauncej  Juday,  Mr.  Thomas  Large  and  others  in  taking  the 
soundings  of  the  lake;  of  Mr.  Juday,  in  making  a  survey  of  the  shore  and  for 
copies  of  the  accompanying  map  with  which  he  has  furnished  me  and  from  which 
the  report  on  the  topography  of  the  bottom  is  largely  drawn;  of  Mr.  J.  P.  Dolan 
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for  me  to  make  frequent  visits  to  the  lake  during  the  winter. 

GENERAL   FEATURES  OF  THE   LAKE. 

Turkey  Lake  is  made  up  of  two  parts,  connected  by  a  channel.  The  channel 
is  three-quarters  of  a  mile  in  length  and  from  one  hundred  feet  to  a  half  mile  in 
width.  Its  depth  varies  from  one  to  five  feet.  The  part  of  the  Lake  north  of  the 
channel  is  known  as  Syracuse  Lake.  It  includes  an  area  of  three-quarters  of  a 
s<juare  mile,  which  is  approximately  one-eighth  of  the  area  of  the  entire  Lake. 
The  larger  part  of  the  Lake,  to  the  south  and  east  of  the  channel,  may  be  known 
as  the  main  lake. 

The  general  direction  of  the  lake  is  from  southeast  to  northwest.  Its  greatest 
length  is  five  and  a  half  miles,  and  its  greatest  width  at  a  right  angle  to  its  length 
is  one  and  a  half  miles.  The  entire  shore  line  is  between  twenty  and  twenty-one 
miles  in  length,  and  the  area  of  the  lake  is  a  little  more  than  five  and  a  half 
square  miles.  No  very  prominent  irregularities  occur  around  Syracuse  Lake, 
while  in  the  main  lake  a  number  of  evident  indentations  are  to  be  found.  The 
east  end  of  the  main  lake  is  made  up  of  three  bays.  Johnson's  Hay,  extending  to 
the  north,  is  one  mile  long  and  three-eighths  of  a  mile  wide.  Ogden  Point  lies  to 
the  west  of  the  entrance  of  this  bay  and  Cedar  Point  to  the  east.  The  east  end  of 
the  main  lake  is  Crow's  Bay,  with  Cedar  Point  on  its  north  and  Morrison's  lifiland 
on  its  south.  Jarrett's  Bay  extends  to  the  southeast,  with  Morrison's  Island  to 
the  east  of  its  entrance  and  Clark's  Point  to  the  west.  In  the  west  end  of  the 
main  lake  is  Conkling  Bay,  circular  in  form  and  with  the  surrounding  mar^h  a 
half  mile  in  diameter.  It  lies  south  of  Conkling  Hill.  These  are  the  most  prom- 
inent indentations.  Between  the  channel  and  Ogden  Point,  which  are  two  and  a 
(juarter  miles  apart,  the  shore  line  curves  gently  northward  three-quarters  of  a 
mile,  forming  Sunset  Bay.  Between  Clark's  Point  and  Black  Stump  Point,  one 
and  three-quarters  miles  to  the  northwest,  the  shore  line  bends  southward  one- 
third  of  a  mile. 
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The  following  places  are  located  for  convenience  in  referring  to  different 
parts  of  the  shore  line  and  lake :  The  town  of  Syracuse  lies  on  the  west  side  of 
ISyracuse  Lake  near  Turkey  Creek,  the  outlet  of  the  lake.  Pickwick  Park  is  on 
the  north  shore  of  the  main  lake  a  half  mile  east  of  the  channel.  Eppert's  is 
1,000  feet  east  of  Pickwick  Park,  and  nearly  a  half  mile  further  east  is  Jones' 
Landing.  Three-fourths  of  a  mile  east  of  Jones'  Landing  is  Wawasee.  Jarrett's 
Landing  is  at  the  middle  of  the  southern  extremity  of  Jarrett's  Bay.  Vawter 
Park  is  a  half  mile  west  of  Clark's  Point  and  directly  south  of  Wawasee.  The 
laboratory  of  the  Indiana  University  Biological  Station  is  located  on  the  shore  of 
the  lake  near  the  west  end  of  Vawter  Park. 

TOPCXiRAPHY  OF  THE  30TT0M. 

The  data  from  which  the  topography  of  the  bottom  has  been  determined  con- 
sist of  numerous  soundings  taken  throughout  the  lake  between  June  29  and  Au- 
gust 21,  1895.  The  water  was  very  low  during  this  period.  For  our  purpose  we 
may  consider  ull  soundings  taken  when  the  lake  had  the  level  of  July  6,  1895. 
This  level  has  been  marked  and  is  used  for  a  bench  line  from  which  to  read  the 
fluctuations  in  level  On  August  21  the  lake  had  receded  5  inches  from  this  level. 
Soundings  were  taken  along  28  lines  in  the  main  lake  and  4  lines  in  Syracuse 
Lake.  These  soundings  were  taken  about  300  feet  apart  along  all  lines.  Where 
water  deeper  than  60  feet  was  found,  numerous  soundings  were  made  to  determine 
the  extent  of  such  areas.  Below  is  given  the  number  and  location  of  each  line 
along  which  soundings  were  taken,  except  No.  3  and  No.  9  in  the  main  lake, 
neither  of  which  was  used  in  drawing  contour  lines  or  in  computing  average 
-depth. 


2l» 


IN   MAIN  LAKE. 


No.  of 
Line. 


Location. 


1 
2 
4 
5 
i\ 

8 

10 
11 

12 
13 
14 

15 
16 
17 

18 

20 
21 
22 
23 
24 
25 
2»> 
27 
28 


From  Biological  Station  to  Ogden  Point,  North  37°  East. 

From  Ogden  Point  to  east  ena  of  Crow's  Bay,  South  53°  East. 

From  Biological  Station  to  Wawasee,  North. 

From  Wawasee  to  Black  Stump  Point,  South  52°  West. 

From  Biological  Station  to  Cedar  Point,  North  64°  East. 

From  Cedar  Point  to  Morrison's  Island,  South. 

From  Morrison's  Island  to  northeast  corner  of  Crow's  Bay,  North  8°  East. 

From  south  end  of  Jarrett's  Bay  to  mouth  of  Bay,  North  7°  West. 

From  east  margin  of  Ogden  Point  to  north  end  of  Johnson's  Bay,  North 

1°  West. 
From  north  end  of  Johnson's  Bay  to  mouth  of  Bay,  South  10°  East. 
From  east  side  of  Ogden  Point  across  Johnson's  Bay,  North  60°  East. 
From  middle  of  east  side  of  Johnson's  Bay,  across  the  Bay,  North  79° 

West. 
From  Clark's  P«int  to  Morrison's  Island,  East. 
From  month  of  Turkey  Creek  across  Jarrett's  Bay,  West. 
From  a  point  |  of  a  mile  west  of  Biological  Station  across  the  lake.  North. 
From  Clark's  Point  to  east  side  of  Ogden  Point,  North  5J°  East. 
From  point  a  half  mile  east  of  Biological  Station,  North. 
From  Ogden  Point  to  Black  Stump  Point,  North  83°  West. 
Fioni  west  side  of  Jarrett's  Bav  to  Mineral  Point,  East. 
From  Clark's  Point  to  east  side  of  Johnson's  Bay,  North  30°  East. 
From  nortli  end  of  No.  22  to  Ogden  Point,  South  85°  West, 
From  point  one-half  mile  west  of  Wawasee  across  lake,  South. 
From  Black  Stump  Point,  North. 
From  Eppert's  South. 

One-ipiarter  of  a  mile  west  of  No.  26  and  parallel  with  it. 
One-tjuarter  of  a  mile  west  of  No.  27  and  parallel  with  it. 


IN  SYRACUSE   LAKE. 


No.  of 
Line, 


2 

3 


Location. 


From  middle  of  east  end  of  Syracuse  Lake,  South  b()°  West. 

From  point  700  feet  southeast  of  west  extremity  of  Lake,  North  70°  East. 

From  a  point  on  north  shore  one-half  mile  east  of  west  extremity  of  lake. 

South  10°  West. 
From  west  extremity  of  lake,  South  80°  East. 


In  the  accompanying  map,  constructed  by  Mr.  Juday,  the  hypothetical  con- 
tour lines  of  the  bottom  of  the  lake  were  drawn  from  the  soundings  along  the 
above  mentioned  lines,  and  numerous  other  soundings  taken  to  determine  the  ex- 
tent of  certain  depths  of  water.     The  contour  lines  indicate  intervals  of  ten  feet 
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in  depth.  From  the  same  data  were  constructed  ten  vertical  sections  of  the 
bottom.  In  constructing  the  vertical  sections  a  base  line  was  drawn  from  Pick- 
wick Park  to  Mineral  Point,  and  seven  of  the  vertical  sections,  from  **A"  to 
**G"  inclusive,  were  made  at  right  angles  to  this  line  at  intervals  varying  from 
onc-ipiarter  of  a  mile  to  two-thirds  of  a  mile.  Vertical  section  **H"  is  a  short 
distance  east  of  No.  18,  *'I"  is  along  No.  4,  and  **J"  along  No.  25  of  the  lines 
of  soundings  in  the  main  lake.  The  remarks  on  the  topography  of  the  bottom 
are  drawn  largely  from  a  study  of  these  contour  lines  and  vertical  sections. 

The  average  depth  of  the  lake,  found  by  taking  the  average  for  the  soundings 
at  regular  intervals  of  300  feet  along  the  lines  of  soundings  is  21  feet  6  inches  in 
the  main  lake,  13  feet  (>  inches  in  Syracuse  Lake,  and  20  feet  5  inches  for  the 
entire  lake.  By  a  different  method,  as  explained  in  his  report,  Dr.  Eigenmann 
has  computed  the  average  depth  at  a  little  more  than  17  feet.  The  maximum 
depth  f<)un<l  in  the  main  lake  is  68  feet  7  inches,  one-quarter  of  a  mile  from  the 
southern  extremity  of  Jarrett's  Bay;  1,000  feet  northeast  of  the  Biological  Station 
a  depth  of  ()6  feet  5  inches  was  found;  three-quarters  of  a  mile  north  and  one- 
(juarter  of  a  mile  west  of  the  Station  the  water  is  60  feet  deep;  and  a  half  mile 
northwest  of  Black  Stump  Point  it  is  63  feet  3  inches  deep.  The  deepest  water 
found  by  us  in  Syracuse  Lake  is  28  feet  10  inches.  A  depth  of  36  feet  is  recorded 
inr  this  lake  in  the  State  (;ief)logist'8  Report  for  1875. 

An  examination  of  the  contour  lines  of  the  map  shows  that  if  we  consider 
water  having  a  depth  of  30  feet  or  more  as  deep  water,  we  have  in  the  main  lake 
four  areas  of  deep  water  varying  greatly  in  size,  and  connected  with  each  other 
by  channels. 

In  Crow's  Bay  the  greatest  dei>th  found  was  49  feet  9  inches.  These  waters 
enter  the  main  body  of  the  lake  through  a  channel  deeper  than  30  feet,  and  200 
feet  wide  at  its  narrowest  point.  This  channel  Hows  across  the  mouth  of  John- 
8on*s  Bay,  meeting  a  short  arm  deeper  than  30  feet  from  that  bay,  and  comes 
within  600  feet  of  the  southeast  extremity  of  Ogden  Point.  This  channel  con- 
tinues less  than  400  feet  wide  to  a  point  two-thirds  of  a  mile  west  of  Ogden  Point 
where  it  joins  the  channel  deei»er  than  30  feet  from  Jarrett's  Bay.  The  deepest 
water  in  Jarrett's  Bay  is  68  fei*t  7  inches,  and  the  arei  deeper  than  30  feet  is  one- 
fourth  of  a  mile  wide,  extending  north  beyond  the  mouth  of  the  bay  and  to 
within  700  feet  of  its  southern  shore.  This  30-foot  depth  joins  the  main  body  of 
the  lake  a  half  mile  north  of  Clark's  Point  where  the  channel  30  feet  deep  is  only 
100  feet  wide.  Turning  to  the  west,  1,000  feet  northeast  of  the  Biological  Station 
this  channel  deepens  to  66  feet  5  inches,  and  widens  to  a  half  mile  directly  north 
of  the  Station.     Here  it  meets  the  narrow  channel  30  feet  deep  from  Crow's  Bay. 
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The  two  channels  merge  into  one  and  form  an  area  of  water  from  30  feet  to  i'yii 
feet  in  depth,  one  mile  in  length  and  with  a  maximum  width  of  three-quarterg  of 
a  mile.  This  area  of  deep  water  lies  nearer  the  south  shore,  its  center  being  one- 
third  the  distance  from  the  south  shore  to  the  north  shore.  Near  Black  Stump 
Point  the  deep  water  narrows  abruptly  from  the  north,  and  500  feet  out  from 
Black  Stump  Point  its  width  is  but  200  feet.  West  of  Black  Stump  Point  the 
deep  water  widens  abruptly  to  the  north  to  a  width  of  one-quarter  of  a  mile  and 
deepens  to  63  feet  3  inches.  West  of  this  the  area  of  deep  water  nari*ow8  again 
and  the  water  having  a  depth  of  30  feet  ends  one-quarter  of  a  mile  southeast  of 
the  entrance  to  the  channel  between  the  main  lake  and  Syracuse  Lake. 

Between  th^  deep  channels  from  Crow's  Bay  and  Jarrett's  Bay  the  area  having 
a  depth  less  than  30  feet  is  one  and  one-quarter  miles  long,  1,300  feet  wide,  and 
contains  an  area  one  mile  long  and  500  feet  wide  over  which  the  water  is  less 
than  10  feet  deep. 

If  the  level  of  the  lake  were  lowered  30  feet  there  would  remain  four  bodies 
of  water  connected  by  channels  from  100  feet  to  200  feet  wide  and  less  than  10  feet 
deep.  These  four  bodies  of  water  would  be:  (1 )  a  small  area  in  Crow's  Bay  with 
a  maximum  depth  of  19  feet;  (2)  about  one-half  of  Jarrett's  Bay  with  a  maxi- 
mum depth  of  38  feet;  (3)  the  main  body  of  the  lake,  its  width  decreased  almost 
one-half,  and  its  maximum  de])th  being  36  feet;  (4)  a  small  area  northwest  of 
Black  Stump  Point  with  a  maximum  depth  of  33  feet.  Lower  the  level  of  the 
lake  10  feet  more,  that  is,  40  feet  below  its  present  level  and  these  four  bodies  of 
water  would  remain  as  separate  lakes,  the  connecting  channels  now  being  dry. 

(treat  changes  in  the  shore  line  will  take  place  if  the  level  of  the  lake  be 
lowered  to  a  much  less  extent.  By  observing  the  map  it  will  be  seen  that  a  low- 
ering of  the  level  of  the  lake  to  the  amount  of  10  feet  would  move  the  shore  line 
to  the  tirst  contour  line.  This  would  leave  one-half  the  bottom  of  Johnson's  Bay 
dry  land  ;  it  would  move  the  shore  line  along  Crow's  and  Jarrett's  Bays  from  400 
feet  to  1,000  feet  into  the  lake.  Clark's  Point  would  extend  2,000  feet  further 
north,  and  the  distance  between  Clark's  Point  and  Ogden  Point  would  be  reduced 
from  4,000  feet  to  1,800  feet.  The  south  shore  line  from  Clark's  to  Conkling  Bay 
would  l>e  moved  northward  distances  varying  from  250  feet  at  Iron  Spring  Point 
to  1,000  feet  along  the  shore  west  of  Black  Stump  Point.  The  north  shore  line 
from  Ogden  Point  to  the  Channel  would  be  moved  southward  fn)m  900  feet  to 
2,000  feet,  and  at  one  place — between  Jones'  I^anding  and  Black  Stump  Point — 
4,000  feet,  reducing  the  width  of  the  lake  at  this  place  from  1  mile  to  500  feet. 
The  Channel  between  the  main  lake  and  Syracuse  Lake  would  be  draine<l,  and 
the  greater  part  of  Syracuse  Lake  would  become  dry  land. 
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Judging  from  the  contour  of  the  land^  the  level  of  the  lake  has  probably^ 
never  been  more  than  5  feet  below  its  present  level. 

TOPOGRAPHY  OF  THE  SHORE. 

The  shore  of  20  miles  is  about  equally  divided  between  dry  shores  and  marshy 
shores.  The  shores  of  Svracuse  Lake  and  of  the  west  end  of  the  main  lake  were 
not  carefully  surveyed,  but  accurate  measurements  and  notes  were  taken  of  the 
shore  line  of  the  east  end  of  the  main  lake  from  a  point  on  the  north  shore  three- 
eighths  of  a  mile  to  the  northwest  of  Wawasee,  around  the  east  end  of  the  lake  to 
a  point  directly  south  of  the  starting-point.  These  data  were  used  in  mapping  a 
t«n-foot  elevation  line  around  this  part  of  the  lake.  For  this  reason  the  shores  of 
the  east  end  of  the  lake  are  treated  more  in  detail  than  the  others. 

The  dry  shores  are  composed  of  sand  and  gravel.  Some  are  less  than  5  feet 
high,  but  more  often  they  are  abrupt  bluffs  from  10  to  30  feet  high,  or  hills  which 
ascend  rapidly  to  a  height  of  40  feet.  The  west,  north  and  northeast  shores  of 
Syracuse  Lake  are  bluffs  or  hills.  The  cast  shore  is  marshy.  The  shore  south  of 
Turkey  Creek,  the  outlet,  is  also  marshy,  and  these  marshes  extend  along  both 
sides  of  the  Channel  between  Svracuse  Lake  and  the  main  lake.  Pickwick  Park 
is  located  on  a  gravelly  shore  less  than  10  feet  above  the  level  of  the  lake.  Be- 
tween Pickwick  Park  and  Eppert's  is  the  Gordoniere  Mar^h  extending  north- 
west to  the  Channel.  Pickwick  Park  and  the  land  to  the  west  of  it  is  sur- 
rounded by  the  main  lake,  the  Channel  and  the  Uordoniere  Marsh  and  is  known 
as  British  Island.  The  shore  between  Eppert's  and  Jones'  is  mainly  marsh.  From 
Jones'  one-quarter  of  a  mile  east  the  shore  is  a  bluff  from  10  feet  to  15  feet  high. 
From  this  point  almost  to  Wawasee  the  land  near  the  shore  is  at  present  a  dry 
marsh.  The  bluff  at  Wawasee  is  15  feet  high  and  extends  along  the  shore  1,700 
feet.  This  bluff  extends  back  from  shore  500  feet  where  it  joins  the  marsh  which 
stretches  along  the  shore  to  Ogden  Island,  and  also  to  the  east  to  Johnson's  Bay. 
()gden  Island,  which  is  surrounded  by  the  lake  only  on  the  southwest  side  and  on 
all  other  sides  by  marshes,  extends  a  half  mile  to  the  noithwest  of  Og<len  Point 
•and  is  from  300  feet  to  1,000  feet  wide.  Its  greater  part  is  from  3  feet  to  6  feet 
above  the  level  of  the  lake.  About  one-half  of  that  part  of  the  island  which 
touches  the  lake  is  a  bluff  from  10  feet  to  18  feet  high.  The  area  higher  than  10 
feet  is  1,100  feet  long  and  from  175  feet  to  400  feet  wide.  The  marsh  around 
Johnson's  Bay  is  known  as  the  Johnson  Marsh.  It  skirts  the  southeast  and  east 
sides  of  Ogden  Island,  surrounds  a  piece  of  timbered  land  700  feet  in  diameter 
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north  of  Ogden  Island  known  as  Oak  Island,  borders  the  bay  on  the  north,  send- 
ing of!'  a  broad  marsh  across  the  coantry  to  the  northeast,  and  continuing  along 
the  east  side  of  the  bay  with  a  width  of  a  half  mile,  joins  a  narrow  marsh  ex- 
tending to  the  southeast.  On  the  east  side  of  Johnson's  Bay  are  two  bluffs,  one 
reaching  a  height  of  23  feet  and  extending  from  Cedar  Point  northwest  one- 
<)uarter  of  a  mile  along  the  shore  and  having  500  feet  for  its  greatest  width  ;  the 
other  is  1,000  feet  further  to  the  northwest,  and  is  between  10  feet  and  15  feet 
high,  700  feet  long  and  150  feet  wide.  Lying  to  the  northeast  of  these  bluffs  and 
extending  between  them  is  an  arm  of  the  Johnson  Marsh  from  50  feet  to  800  feet  in 
width,  which  joins  Crow's  Bay  just  east  of  Cedar  Point.  From  the  northeast  cor- 
ner of  Crow's  Bay  the  bluffs  extend  south  along  the  east  end  of  the  lake  for  a 
half  mile.  They  are  from  10  feet  to  27  feet  in  height.  The  10-foot  elevation  line 
then  leaves  the  shore  and  extends  almost  south  to  Turkey  Creek,  leaving  an  area 
of  well  timbered  dry  land  along  the  lake  with  an  elevation  of  from  3  feet  to  10 
feet  and  attaining  a  width  of  1,000  feet. 

The  land  on  both  sides  of  Turkey  Creek,  the  inlet  of  the  lake,  is  marshy. 
Lying  to  the  north  of  the  mouth  of  the  creek  this  marsh  is  400  feet  wide  and  ex- 
tends one-quarter  of  a  mile  north  along  the  lake.  This  marsh  is  separated  from 
the  marsh  along  the  east  margin  of  Morrison's  Island  by  a  shallow  channel  of 
water.  The  west  side  of  Morrison's  Island  is  a  bluff  reaching  a  height  of  21  feet. 
From  Turkey  Creek  to  Buttermilk  Point  the  shore  is  skirted  with  marsh  from  200 
feet  to  400  feet  wide.  Mineral  Point  is  200  feet  from  the  lake  and  ascends  abruptly 
from  the  marsh  to  a  height  of  25  feet.  A  half  mile  south  of  Turkey  Creek  the 
lake  is  entered  bv  Jarrett's  Creek  which  is  the  outlet  of  a  chain  of  small  lakes 
lyin^  southeast  of  Jarrett's  Bay.  This  stream  Hows  through  a  marsh  400  feet  wide. 
And  all  the  small  lakes  are  bordered  by  marsh  land.  The  marsh  along  the  lake 
«nd8  at  Buttermilk  Point,  and  for  a  quarter  of  a  mile  the  shore  is  dry  and 
sandy.  The  land  along  this  shore  is  not  a  perpendicular  bluff,  but  rises  rapidly 
from  the  lake  to  the  south  and  reaches  a  height  of  40  feet  at  a  distance  of  400  feet 
from  the  shore.  The  west  side  of  Jarrett's  Bay  is  skirted  by  a  marsh  from  150  feet 
to  1,000  feet  wide.  West  of  the  marsh  is  a  bluff  from  10  feet  to  15  feet  high  con- 
tinuous with  the  land  south  of  the  bluffs  of  Vawter  Park.  West  from  Clark's  the 
south  shore  of  the  lake  is  a  perpendicular  bluff  reaching  a  height  of  29  feet  in 
Vawter  Park  and  extending  west  beyond  the  point  where  our  survey  of  the  sum- 
mer ended.  This  bluff  is  cut  by  a  ravine  50  feet  wide  at  the  Biological  Labora- 
tory and  by  a  small  stream  entering  the  lake  a  quarter  of  a  mile  west  of  Vawter 
Park.  The  shore  extending  west  to  and  around  Black  Stump  Point  is  from  5  feet 
to  15  feet  above  the  level  of  the  lake.     The  high  bluffs  from  Clark's  Point  to  Black 
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Stump  Point  is  bv  far  the  longest  stretch  of  highland  along  the  shore,  being  nearly 
two  miles  in  length.  Conkling  Bay  during  the  summer  months  contained  an  area 
of  water  al>out  300  feet  in  diameter  and  20  feet  deep,  bordered  by  wide  stretches 
of  marsh  containing  a  few  small  pools  of  very  shallow  water.  To  the  north  of 
Conkling  Bay,  Conkling  Hill  ascends  rapidly  to  a  height  of  40  feet  or  more.  This 
hill  is  conical  in  hhape  and  slopes  to  the  water  on  the  south  and  east,  and  to  marsh 
and  lowland  on  the  north  and  west. 

It  will  be  noticed  that  the  perpendicular  bluH's  of  the  main  lake  face  to  the 
south  at  Jones*  Landing;  to  the  southwest  at  Wawnsee,  Ogden  Island  and  Cedar 
Point;  to  the  west  along  Crow's  Bay  and  Morrison's  Island;  and  to  the  north 
along  Vawter  Park.  The  high  hills  at  Jarrett's  and  Conkling's  are  without  pre- 
cipitous shores.  All  of  these  bluff's  are  bordered  by  wide  areas  of  shallow  water,, 
and  it  wiil  be  noticed  that  the  10-foot  contour  line  of  the  bottom  does  not  appn»ach 
the  shore  much  nearer  than  400  feet,  and  is  usually  much  further  from  shore.  As 
a  rule,  the  bluffs  facing  to  the  south  and  southwest  have  a  much  wider  margin  of 
shallow  water  than  those  facing  to  the  west  or  north. 

Wherever  there  is  a  long  stretch  of  shore,  bordered  by  marsh,  there  is  na 
l>each  formed,  but  the  muddy  bottom  of  the  lake  merges  into  the  mud  of  the 
marsh  along  the  shore  line.  Along  all  the  dry  shores,  and  along  the  marshes  of 
small  extent  lying  between  bluffs,  the  beach  is  composed  of  gravel  and  sand. 
This  givtMj  a  gravelly  or  sandy  beach  around  Syracuse  Lake,  except  on  the  east 
and  southwest;  along  the  north  shore  of  the  main  lake,  from  the  Channel  to 
Ogden  Point;  along  the  east  shore  of  Johnson's  Bay,  from  C€dar  Point  northwest 
to  the  extremity  of  the  dry  shores;  from  the  northeast  corner  of  Crow's  Bay  to  a 
point  east  of  the  north  end  of  Morrison's  Island;  along  the  south  end  of  Jarrett's^ 
Bay;  from  Clark's  Point  along  the  south  shore  for  a  short  distance  beyond  Black 
Stump  Point.  These  l>eaches  along  the  bluffs  are  formed  by  erosion  and  deposit 
along  the  base  of  the  bluffs.  The  sandy  and  gravelly  l)eaches  along  marshes  are 
found  where  the  adjoining  bottom  of  the  lake  is  composed  of  sand  and  gravel. 
These  beaches  have  most  probably  l)een  formed  by  the  action  of  ice. 

Around  the  main  lake  a  number  of  l)each  formations  of  this  kind  are  found. 
From  Wawasee  a  half  mile  west  the  beach  is  composed  of  sand  and  gravel.  It 
is  about  three  feet  above  the  water's  level,  and  is  higher  than  the  land  back  of  it. 
From  the  east  end  of  the  bluffs  of  Wawasee  to  the  dry  land  of  Ogden  Island  is  a 
distance  of  a  half  mile,  and  the  marsh  along  the  shore  is  very  little,  if  any, 
higher  than  the  level  of  the  lake.  Between  the  marsh  and  lake  is  a  beach  com- 
posed of  sand  and  gravel.  This  beach  is  two  feet  or  more  above  th^  level  of  the 
water,   and  30  feet  wide.    The  beach  along  the  bluff  of  Ogden  Island  is  of  the- 
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usual  formation,  but  this  beach  continues  along  the  shore  for  one-fourth  of  a  mile 
Iveyond  the  bluff  as  a  very  sandy  beach  a  foot  or  more  above  the  water's  level  and 
50  feet  wide;  then  the  beach  grows  narrower  and  is  on  the  level  of  the  water,  the 
sand  becomes  less  plentiful,  and  the  beach  is  composed  of  a  small  amount  of 
ccmrse  gravel  and  then  merges  into  the  marsh,  where  the  shore  line  of  Ogden 
Point  turns  north.  The  same  formation  is  found  running  a  short  distance  north 
of  the  blufl's  on  the  east  side  of  Johnson's  Bay. 

Between  the  two  blufTs  on  the  east  side  of  Johnson's  Bay  is  a  beach  1,000  feet 
in  length,  with  the  lake  on  one  side  and  a  marsh  containing  pond  lilies  on  the 
other.  This  beach  is  from  20  feet  to  80  feet  wide,  3  feet  above  the  water's  level, 
and  composed  of  sand  and  coarse  gravel.  The  margin  of  the  beach  further 
from  tlic  lake  is  the  higher,  and  is  covered  with  a  growth  of  willows,  cedar  and 
other  small  trees.  Along  the  lowlands  of  Crow's  Bay  is  a  broad  beach  composed 
of  coarse  gravel  about  three  feet  high  and  on  a  level  with  the  land  back  of  it. 
Along  the  south  end  of  the  west  side  of  Morrison's  Island,  which  is  lowland,  the 
beach  is  from  lo  feet  to  25  feet  wide,  three  feet  high,  and  composed  of  coarse 
gravel.  The  beaches  along  marshes  and  lowland  are  broader  and  higher,  and 
contain  much  m<»re  material  than  those  along  bluffs. 

The  action  of  the  ice  is  an  important  factor  in  the  formation  of  these  beaches. 
For  the  explanation  of  the  action  of  ice  on  beaches  as  well  as  the  formation  of 
ice  cracks,  I  am  indebted  to  I.  C.  Ru-sell's  excellent  book,  "Lakes  of  North 
America."  The  lake  freezes  over  and  by  expansion  the  ice  is  pushed  up  along 
the  shore  carrying  san<l,  gravel  and  stones  with  it.  Numerous  ice  cracks  form 
during  the  winter  and  lill  with  water.  This  water  freezes  and  pushes  the  ice  still 
further  up  tlie  shore  carrying  the  beach  forming  material  still  higher.  These  ice 
cracks  are  very  numerous  and  may  be  as  much  as  three  inches  wide.  The  amount 
of  lateral  pressure  bn)Ught  to  bear  on  the  shores  by  this  means  is  very  great,  and 
beach  ridges  are  begun  and  added  to  each  year.  The  action  of  the  ice  in  forming 
beaches  alon^  marshes  is  very  great,  while  along  bluffs  it  is  small.  In  the  first 
case  no  j^reat  resistance  is  met  with  in  expansion,  and  the  material  for  building 
the  beach  will  be  carried  up  to  the  full  extent  of  the  expansion  of  the  ice,  while 
along  the  bluffs  the  ice  crowds  against  the  shore  and  is  itself  broken  at  every  ex- 
pansion. A  recent  ice  formation  is  evident  at  the  northwest  end  of  the  Ciordo- 
niere  Mar>h.  between  the  marsh  and  the  Channel.  In  1891  this  marsh  was  under 
water,  but  since  that  time  the  water  of  the  lake  has  receded  and  left  the  marsh 
dry.  Separating  the  marsh  from  the  Channel  is  a.  ridge  of  earth  more  than  one 
foot  high  running  parallel  with  the  water's  edge.     This  ridge  can  be  accounted 
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for  by  the  action  of  the  ice  subsequent  to  the  time  when  the  marsh  was  left  with- 
out water.  Some  of  the  moet  striking  examples  of  ice  action  in  the  formation  of 
beaches  are  found  along  the  east  side  of  Johnson's  Bay ;  along  Crow's  Bay ;  at 
Morrison's  Island,  where  two  ice  beaches,  separated  by  a  few  feet,  are  now  cov- 
ered by  trees;  at  Clark's  Point,  where  an  old  beach  extending  as  much  as  200 
feet  from  shore  is  found,  and  at  Black  Stump  Point. 

CHARACTER  OF   BOTTOM. 

In  the  shallower  parts  of  the  lake  the  bottom  is  com])osed  of  sand,  gravel, 
and  small  boulders,  except  along  the  low  marshy  shores,  where  it  is  composed  of 
mud.  At  several  places,  both  in  Syracuse  Lake  and  in  the  main  lake,  dredgings 
were  taken  at  depths  from  2o  feet  to  60  feet.  Here  the  bottom  was  covered  with 
a  deposit  of  marl  in  which  were  found  many  diatoms  and  shells. 

Further  investigations  will  be  carried  on  to  determine  more  fully  the  charac- 
ter of  bottom  at  different  depths. 

ICE. 

For  information  concerning  the  freezing  of  the  lake  I  am  indebted  to  Mr.  J. 
P.  Dolan,  who  has  given  me  the  history  of  ice  formations  as  he  has  observed  them 
during  years  past,  and  he  has  furnished  me  with  records  of  careful  observations 
made  since  the  first  formation  of  ice  in  (October,  189.5.  These  observations,  unless 
otherwise  indicated,  are  for  Syracuse  Lake.  Ice  forms  on  the  main  lake  at  the 
same  time,  but  it  does  not  freeze  entirely  over  so  soon  as  Syracuse  Lake. 

The  lake  begins  to  freeze  along  the  edge,  except  where  strong  springs  enter 
near  the  margin.  Information  has  been  obtained  concerning  the  influence  of 
springs  only  at  Crow's  Bay  and  Vawter  Park.  Springs  are  numerous  along 
Crow's  Bay  for  a  half  mile  and  the  water  along  the  edge  is  kept  open  after  the 
lake  is  frozen  over,  but  I  have  not  yet  learned  to  what  extent  these  springs  in- 
fluence the  freezing  of  the  edge  of  the  lake  in  this  locality.  From  Mr.  Smith 
Vawter,  who  has  observed  the  springs  at  Vawter  Park  for  a  number  of  years,  I 
learned  that  the  spring,  which  is  near  the  margin  of  the  lake  and  2C'0  feet  east  of 
the  Biological  Laboratory,  keeps  the  edge  of  the  lake  open  throughout  the  winter. 
If  the  weather  is  not  severe,  ice  does  not  form  for  25  feet  along  the  shore,  and 
from  12  feet  to  15  feet  from  shore.  In  the  severest  weather  the  lake  is  kept  open 
for  2  or  3  feet  from  the  margin. 

The  ice  spreads  rapidly  from  the  shore  towards  the  center.  The  lake  freezes 
over  quite  rapidly  when  the  general  temperature  remains  below  32°  Fahrenheit 
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and  there  is  no  accompanying  wind.  All  parts  of  the  lake  freeze,  except  where  it 
is  kept  open  by  nprings,  but  the  last  place  to  freeze  is  a  narrow  strip  from  20  feet 
to  30  feet  wide,  extending  from  the  north  end  of  the  Channel  to  Turkey  Creek, 
the  outlet  of  the  lake.  Ice  sometimes  forms  to  a  thickness  of  6  or  8  inches  along 
the  margins  of  this  channel  before  it  freezes  over.  This  is  due  to  a  current  along 
this  narrow  channel  towards  the  outlet.  The  ice  is  always  thinner  here  than 
elsewhere. 

Accurate  information  could  not  be  obtained  concerning  the  exact  date  of 
freezing  in  1894,  but  from  Mr.  Dolan^s  observations  we  can  give  an  accurate 
account  of  ice-formation  during  the  fall  and  winter  of  1895. 

The  first  ice  of  the  season  was  observed  on  October  20.  The  temperature  of 
the  air  at  7  A.  M.  was  28°.  A  thin  layer  of  ice  4  or  5  feet  wide  had  formed  along 
the  edge  of  the  lake.  It  melted  during  the  day.  At  7  A.  m.  October  30,  the 
temperature  of  the  air  was  20^,  and  about  one-fourth  of  Syracuse  Lake  was 
frozen  over.  Not  quite  all  the  ice  melted,  but  it  all  disappeared  on  the  fol- 
lowing day.  At  7  a.  m.  November  2,  the  temperature  of  the  air  was  22°.  The 
mill  race  was  covered  with  ice  three-eighths  of  an  inch  thick.  Only  the  edge 
of  the  lake  was  frozen,  as  the  wind  blew  during  the  night.  On  November  21, 
the  temperature  of  the  air  at  7  a.  m.  was  13°,  and  ice  had  formed  from  shore 
to  shore  on  Syracuse  Lake;  at  12  M.  the  ice  was  nearly  all  melted,  and  at  5 
p.  M.  the  lake  was  free  of  ice.  This  was  the  first  date  on  which  the  ice  ex- 
tended entirely  across  the  lake.  On  November  23,  at  7  a.  m.,  the  temperature 
of  the  air  was  30°.  Ice  had  formed  on  the  mill  race,  but  no  ice  formed  on 
the  lake,  owing  to  a  slight  wind.  On  November  27,  the  temperature  of  the  air 
at  7  a.  m.  was  16°,  and  a  wide  belt  of  ice  had  formed  around  the  lake,  but  it 
disappeared  on  the  following  day.  On  December  2,  the  night  was  clear  and 
calm.  There  was  no  ice  at  4  p.  m.,  but  at  7:30  p.  m.  a  thin  sheet  of  ice  had 
formed  and  extended  apparently  from  shore  to  shore.  On  December  3,  Syracuse 
Lake  was  completely  covered  with  ice.  The  temperature  of  the  air  during  the 
day  was  6°  at  7  A.  M.,  16°  at  12  M.  and  12°  at  5  p.  m.  On  December  5,  the  ice  was 
2  inches  thick  near  shore.  On  December  7,  the  ice  near  shore  was  3j  inches  thick, 
and  500  feet  out  from  shore  1)  inches  thick.  I  visited  the  main  lake  on  Decem- 
ber 7,  and  the  ice  appeared  to  extend  over  the  entire  lake.  Warren  Colwell  had 
skated  over  the  lake  during  the  forenoon  as  far  east  ai  Ogden  Point.  The  only 
place  where  he  found  the  lake  open  was  a  space  about  20  feet  square,  half  way 
between  Ogden  Point  and  Black  Stump  Point.  Three  dozen  ducks  and  mud-hens 
had  congregaie<l  in  this  open  space. 
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The  increase  and  decrease  in  the  thickness  of  the  ice  from  December  9,  to  De- 
cember 20,  are  shown  in  the  following  table.  The  measurements  were  taken  50 
feet  or  more  from  shore. 


Day  of 
Month. 

Thickness 

Temperature 

OF  Ice 
IN  Inches. 

OF  Air  at 
5   p.  M. 

Condition  of  Weather. 

9 

4 

18° 

North  wind ;   cloiidv. 

10 

4A 

20° 

Wind,  southwest  to  south. 

11 

5 

30° 

Snow  and  rain. 

12 

'^\ 

20° 

Clear. 

13 

5  A 

24° 

East  wind ;   clear. 

14 

6] 

30° 

Wind,  south  to  southwest. 

15 

<3i 

20° 

Clear. 

10 

5J 

39° 

East  wind. 

17 

6 

46° 

Southwest  wind ;   rain. 

18 

4J 

52° 

South  wind ;   rain. 

19 

2| 

54° 

South  wind  ;   rain. 

20 

0 

52° 

South  wind. 

On  December  13,  ice  cutting  for  commercial  purposes  was  begun,  with  the  ice 
5J  inches  thick.  Last  winter  no  ice  was  cut  until  January  1,  1895,  when  the  ice 
had  reached  a  thickness  of  0  inches.  On  December  15,  the  ice  had  reached  a 
thickness  of  0]  inches,  after  which  it  grew  thinner,  owiu^  to  the  rise  in  temperature 
and  the  heavv  rains.  Hv  December  20,  the  ice  had  melted  so  that  onlv  slush  ice 
remained.  On  the  morning  of  December  21,  this  ice  had  drifted  to  the  north  and 
northeast  parts  of  the  lake  and  at  5  p.  m.  of  the  same  day  the  ice  had  all  melted. 

Mr.  Dolan  has  given  me  accurate  information  concerning  the  ice  on  the  lake 
from  January  1,  1895,  to  March  25,  when  the  ice  left  the  lake.  On  January  1  the 
ice  was  0  inches  thick  and  kej)t  increasing  in  thickness  for  more  than  a  month. 
The  maximum  thickness,  observed  by  persons  engaged  in  fishing  through  the  ice, 
was  noted  in  the  early  part  of  February  and  found  to  be  from  24  inches  to  28  inches. 
The  greatest  thickness  is  found  where  the  ice  has  been  kept  clear  of  snow  by  the 
wind.  In  January  and  February  the  snow  lav  about  nine  inches  on  the  level, 
but  it  was  drifted  in  many  places  on  the  lake  while  other  areas  were  without 
snow. 

In  the  s])ring  the  ice  sometimes  wears  into  holes  out  in  the  open  lake,  and 
breaks  up  in  the  center  of  the  lake  first,  the  last  ice  to  break  being  along  the  shores. 
This  ifl  the  case  when  the  ice  goes  off  in  cloudy  weather  and  with  heavy  rains. 
Usually  the  ice  begins  to  melt  along  the  shore,  with  some  holes  further  out.  A 
heavy  wind  then  breaks  the  ice  and  carries  it  ashore.     For  the  past  ten  years  the 
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ice  has  gone  ofi  with  a  west  or  southwest  wind  and  has  been  piled  up  on  the  east 
or  northeast  shores. 

In  the  spring  of  1895,  the  ice  went  off  the  lake  in  an  unusually  short  time. 
The  lake  had  remained  completely  frozen  over  until  March  24.  During  this  day 
the  ice  began  to  melt  along  the  shores.  On  the  morning  of  March  25,  the  ice  had 
melted  to  a  distance  of  20  feet  from  shore.  At  noon  the  ice  had  receded  400  feet 
from  shore.  A  heavy  west  wind  was  blowing  all  day,  and  the  cracking  of  the  ice 
could  be  heard.  At  3  p.  m.  the  noise  caused  by  the  crushing  of  the  ice  became 
very  loud  and  could  be  heard  for  a  quarter  of  a  mile.  The  ice  was  broken  into 
huge  cakes.  The  wind  now  began  to  lift  the  ice  and  drive  it  eastward.  At  4  p.  M. 
all  the  ice  was  piled  along  the  east  shore.  The  height  to  which  the  ice  is  piled 
depends  on  the  character  of  the  shore  and  the  strength  of  the  wind.  The  piles 
are  not  so  high  along  a  low  marshy  shore  as  along  an  inclined  or  abru]>t  shore. 
Occasionally  a  great  sheet  of  ice  is  pushed  up  a  smooth  inclined  surface  6  or  7 
feet  without  breaking  the  ice  to  any  great  extent.  An  instance  of  this  kind  was 
observed  by  Mr.  Dolan  on  the  northeast  shore  of  Syracuse  Lake  last  March.  No 
ice  formed  on  the  lake  after  March  25. 

Ice  cracks  are  very  numerous  from  the  time  the  ice  forms  entirely  across  the 
lake  and  has  attained  sufficient  stability.  They  form  before  the  ice  has  reached 
the  thickness  of  one  inch.  When  the  first  cracks  formed  in  December  the  ice  was 
80  thin  that  it  sagged  slightly  along  the  crack.  The  water  came  through  the 
crack  and  spread  over  the  surface  of  the  ice  sufl5ciently  to  melt  tTie  small  amount 
of  snow  covering  the  ice,  to  a  distance  of  5  or  6  feet  on  each  side  of  the  crack. 

The  explanation  of  ice  cracks  as  quotetl  from  Gilbert  by  Russell  in  his 
*' Lakes  of  North  America"  is  so  applicable  to  the  case  in  hand  that  I  reproduce 
the  quotation  here: 

"The  ice  on  the  surface  of  a  lake  expands  while  forming,  so  as  to  crowd  its 
edge  against  tlie  shore.  A  further  lowering  of  the  temperature  produces  contrac- 
tion, and  this  ordinarily  results  in  the  opening  of  vertical  fissures.  These  admit 
the  water  from  below,  and,  by  the  freezing  of  that  water,  are  filled,  so  that  when 
expansion  follows  a  subsequent  rise  of  temperature  the  ice  can  not  assume  its 
original  position.  It  conseijuently  increases  its  total  area,  and  exerts  a  second 
thrust  upon  the  shore.  When  the  shore  is  abrupt,  the  ice  itself  yields,  either  by 
crushing  at  the  margin  or  by  the  formation  of  anticlinals  (upward  folds)  else- 
where; but  if  the  shore  is  gently  shelving,  the  margin  of  the  ice  is  forced  up  the 
acclivitv  and  carries  with  it  anv  boulders  or  other  loose  material  about  which  it 
may  have  frozen.  A  second  lowering  of  temperature  does  not  withdraw  the  pro- 
truded ice  margin,  but  initiates  other  cracks  and  leads  to  a  repetition  of  the 
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shoreward  thrust.  The  ])rocess  is  repeated  from  time  to  time  during  the  winter, 
but  ceases  with  the  melting  of  the  ice  in  the  spring." 

The  formation  of  these  cracks  is  accompanied  with  noise,  and,  when  the  ice 
has  reached  the  thickness  of  four  or  five  inches,  the  noise  resembles  the  distant 
booming  of  cannon.  These  cracks  may  be  mere  seams  in  the  ioe,  or  they  may  be 
several  inches  wide.  On  December  7,  I  measured  a  crack  three-eighths  of  an  inch 
wide  in  ice  one  and  three-fourths  inches  thick.  On  December  9,  Mr.  Dolan  meas- 
ured one  two  and  three-fourths  inches  wide  in  ice  four  inches  thick.  On  the  same 
day  he  counted  eleven  loud  reports  caused  by  the  formation  of  ice  cracks  in  five 
minutes.  They  form  during  all  parts  of  the  day  and  night.  They  cross  the  lake 
in  every  direction,  and,  while  the  cracks  are  slightly  zig-zag,  their  general  courses 
are  in  straight  lines. 

The  ice  is  very  clear  and  pure,  especially  out  from  the  shore,  where  there  is 
no  vegetation  near  the  surface.  Is  is  used  very  largely  for  commercial  purposes, 
the  ice  being  cut  from  about  one- fourth  of  the  surface  of  Syracuse  Lake  each 
vear. 

INLET. 

The  only  stream  Mowing  into  the  lake  and  containing  water  throughout  the 
year  is  Upper  Turkey  Creek,  which  enters  the  lake  on  the  east  side  of  Jarrett^s 
Bay.  During  the  summer  months  it  was  filled  with  an  abundant  growth  of  water 
vegetation,  and  was  without  any  perceptible  current.  When  the  water  is  high 
the  chain  of  small  lakes  lying  to  the  southeast  is  drained  into  the  large  lake 
through  Jarrett's  Creek,  entering  Jarrett's  Bay  a  half  mile  south  of  Turkey 
Creek.  During  the  past  summer  no  water  entered  the  lake  from  this  source.  A 
small  stream  one-fourth  of  a  mile  west  of  Vawter  Park,  and  another  from  the 
east  side  of  Johnson's  Bay,  contribute  water  to  the  lake  when  the  water  is  high, 
but  not  during  the  dry  summer  mcmths.  There  are  no  springs  around  Syracuse 
Lake,  but  springs  are  found  along  the  margin  of  the  main  lake  wherever  the 
shore  rises  fifteen  feet  or  more  and  extends  across  the  country  as  elevated  territory. 
These  springs  usually  enter  the  lake  near  high  water  mark.  This  gives  springs 
along  Crow's  Bay,  Mineral  Point,  the  south  and  west  sides  of  Jarrett's  Bay,  and 
along  the  south  shore  from  Vawter  Park  one  mile  west.  No  springs  are  found 
along  the  bluffs  at  Jones',  Wawasee,  Cedar  Point,  Morrison's  Island,  or  Conkling 
Hill,  but  in  each  case  these  highlands  are  narrow  and  surrounded  by  marsh  or 
lowland.  For  a  half  mile  along  Crow's  Bay  the  bluff  is  more  than  twenty  feet 
high.  All  along  the  foo  of  the  bluff  the  water  percolates  from  the  gravel,  -and 
at  places  it  flows  from  quite  strong  springs.     At  Mineral  Point  there  are  a  number 
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of  strong  springs.  At  Buttermilk  Point  and  along  the  base  of  the  bluffs  west  of 
Jarrett's  Bay  are  a  number  of  springs.  The  margin  of  the  lake  from  Vawter 
Park  one  mile  west  is  very  springy,  but  the  flow  of  water  is  not  so  strong  as  along 
Crow's  Bay.  The  waters  from  all  these  springs  show  traces  of  iron  more  or  less 
strongly. 

OUTLET. 

The  waters  of  the  lake  flow  into  Lower  Turkey  Creek  through  which  they 
enter  the  Elkhart  River  near  Goshen,  Indiana ;  then  through  the  Elkhart  and 
St.  Joseph  rivers  they  reach  Lake  Michigan. 

Near  the  outlet  of  the  lake  the  creek,  during  the  summer,  was  about  20  feet 
wide  and  had  an  average  depth  of  less  than  6  inches.  The  volume  of  water  dis- 
charged through  the  outlet  was  computed  from  measurements  taken  in  the  creek 
and  the  overflow  of  the  mill  race  July  18,  1895.  The  outflow  through  the  creek 
was  103  cubic  feet,  or  772J  gallons,  per  minute ;  through  the  mill  race,  41  cubic 
feet,  or  307^  gallons,  per  minut<3,  making  a  total  of  144  cubic  feet,  or  1,080  gal- 
lons, per  minute.  At  the  same  time  the  volume  of  the  creek  a  half  mile  below 
was  computed  at  137}  cubic  feet,  or  1,031  gallons,  per  minute. 

By  taking  the  outflow  of  the  lake  at  144  cubic  feet  per  minute,  finding  the 
amount  discharged  in  twenty-four  hours,  and  computing  the  amount  the  level  of 
the  lake,  with  an  area  of  5J  square  miles,  would  be  lowered  by  such  an  outflow 
with  no  inflow,  we  find  it  to  be  .016  of  an  Inch.  At  this  rate  it  would  require 
62 j  days  to  lower  the  lake  one  inch.  In  one  year  of  365  days,  at  the  same  rate, 
the  level  would  be  lowered  5.84  inches.  The  inflow,  during  the  summer  months, 
is  almost  entirely  due  to  springs,  and  probably  equals  the  outflow.  The  lowering 
of  the  level  of  the  lake,  during  the  summer  months,  seems  to  be  due  almost  en- 
tirely to  evaporation. 

ELEVATION. 

The  elevation  of  the  lake  above  the  sea  and  above  Lake  Michigan  is  shown 
in  the  following  list  of  stations  and  their  resjiective  elevations.  The  list  of  sta- 
tions with  their  respective  elevations  above  mean  tide  at  »Sandy  Hook,  New  York, 
was  furnished  by  the  General  Superintendent  of  the  Baltimore  &  Ohio  Railroad. 
The  elevation  of  each  station  above  Lake  Michigan  was  found  by  subtracting  582 
feet,  the  elevation  of  the  surface  of  Lake  Michigan  above  the  sea,  from  the  ele- 
vation of  the  station  above  the  sea : 


NAME  OF  STATION. 

11 

III 

19 

593.0 
693.6 

59R,6 
596.. 5 
604.5 
617.0 
621.5 
640.3 
640.-5 
652.0 
687.8 
748.  ti 
7H6.0 
788.8 
760.0 
718.5 
716.0 
800.7 
859.0 
»W.O 
819.0 
8.53.0 
8N0.0 
840.2 
869.2 
882.2 
935.2 
923.2 
9"1.6 
y26.2 
970.2 
961.2 
890.0 
871.7 
864.2 
812.2 
849.7 

37 

39.5 

166.6 

57 
64 
71 

79 
X5 

134.0 

104 

112 
116 
120 
125 

287.2 

135 

344.2 

145 

ISO 
153 

282.2 

163 
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Syracuse  is  the  station  having  most  nearly  the  elevation  of  the  surface  of 
Turkey  Lake.  The  mean  level  of  the  lake  is  about  5  feet  below  the  station  at 
Syracuse.  This  gives  the  lake  an  elevation  of  864  feet  above  the  sea,  and  282  feet 
above  the  surface  of  Lake  Michigan. 

CUANOES  IN   LF.VEL. 

Changes  in  the  level  of  the  lake  have  been  doe  to  three  causes:  erosion,  the 
dam  which  is  built  across  Turkey  Creek  just  below  the  outlet  of  the  lake,  and 
climatic  conditions. 

Old  beach  formations  give  evidence  that  the  level  of  the  lake  was  formerly  5 
or  6  feet  higher  than  at  present.  By  erosion  the  channel  at  the  outlet  was  cut  10 
feet  below  this  ancient  level,  and  the  dam  has  raisetl  the  level  of  the  lake  5  feet 
to  its  present  level. 

The  history  of  the  dam  as  given  by  an  old  settler  is  as  follows : 

A  small  dam  was  built  in  1828,  to  which  additions  were  made  in  1831.  This 
dam  wasjhed  out  in  1833,  and  the  present  dam  and  mill  race  were  begun  in  the 
same  vear.  This  raised  the  level  of  the  lake  so  that  timber  stood  in  water  5  feet 
deep.  Much  of  this  timber  remained  uncut  in  1840,  and  some  was  still  standing 
as  late  as  18(io. 

The  vertical  distance  between  the  level  of  the  water  in  the  creek  below  the 
dam  and  the  top  of  the  waste  gate,  December  7,  1895,  was  five  feet.  This  would 
be  the  amount  the  dam,  when  in  working  order,  would  raise  the  level  of  the  lake. 
The  dam  is  not  in  use  at  present  and  a  small  portion  has  been  removed,  which 
allows  the  water  to  pass  into  the  creek  at  a  level  16  inches  below  the  top  of  the 
waste  gate.  This  present  condition  of  the  dam  holds  the  water  of  the  lake  3  feet 
8  inches  above  the  level  of  the  water  in  the  creek  below. 

The  submerged  stumps  in  many  parts  of  the  margin  of  the  lake  is  the  best 
evidence  that  the  dam  had  the  effect  of  increasing  the  area  of  the  lake.  These 
stumps  stand  at  present  in  water  from  a  few  inches  to  two  feet  or  three  feet  deep. 
Along  the  margin  of  Syracuse  Lake  the  stumps  are  most  abundant  at  the  point  of 
the  lake  extending  furthest  west,  and  on  the  east  shore  along  the  edge  of  the 
marsh.  Turkey  Creek,  from  the  lake  to  the  dam,  is  sixty  feet  wide,  and  only 
twenty  feet  along  the  middle  is  clear  of  stumps.  This  was  the  channel  of  the 
creek  before  the  dam  was  built,  and  the  stumps  now  standing  in  water  are  the 
remains  of  the  timber  which  grew  along  the  banks  of  the  creek.  On  the  north 
and  south  sides  of  Buck  Island,  at  the  south  end  of  Syracuse  Lake,  areas  of  sub- 
merged stumps  indicate  that  this  island  was  formerly  one  hundred  feet  wider  in 
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each  direction.  On  the  east  side  of  the  entrance  of  the  main  lake  to  the  channel 
are  many  submerged  stumps.  Along  Johnson's  Bay  much  timber  stood  in  water, 
especially  on  the  east  side  of  Ogden  Point  and  on  the  east  side  of  the  bay  just 
north  of  the  bluffiii.  In  these  localities  the  stumps  are  very  numerous,  and  among 
the  Jargest  in  the  lake.  There  are  a  few  stumps  along  the  marsh  just  east  of  Cedar 
Point.  Others  are  found  in  the  vicinity  of  Morrison's  Island  and  go  to  indicate 
that  this  island,  before  the  building  of  the  dam,  was  a  part  of  the  mainland.  It 
is  so  represented  in  the  government  survey  of  1838.  On  the  west  side  of  Jarrett*8 
Bay  submerged  stumps  are  numerous,  especially  along  the  southeast  corner,  where 
much  small  timber  is  still  lying  in  the  marsh  at  the  margin  of  the  lake,  and  at 
Clark's  Point  where  many  large  stumps  are  found  in  the  water.  Submerged 
stumps  are  also  found  west  of  Black  Stump  Point.  The  elevation  of  the  lake  by 
the  dam,  not  only  increased  its  area  but  must  have  rendered  much  of  the  low 
level  land  in  the  vicinitv  of  the  lake  marFhv,  which  would  have  been  tillable.  It 
is  claimed  by  persons  living  in  the  vicinity  of  the  lake  that  the  dam  rendered 
four  thousand  acres  of  land  untillable. 

The  Huctuations  in  the  level  of  the  lake  are  caused  by  climatic  conditions,, 
and  vary  with  the  inflow  and  outflow,  rainfall  and  evaporation.  In  Mr.  J.  P. 
Dolan's  report  will  be  found  the  record  of  changes  of  level  as  observed  during  the 
pa«t  few  months.  Annual  fluctuations  are  estimated  to  be  about  two  and  one-half 
feet.  The  level  of  the  lake  is  usually  highest  about  May  1,  after  the  heavy 
spring  rains,  and  lowest  in  August,  although  this  year  it  kept  lowering  until 
November  2,  owing  to  the  very  light  rains  up  to  that  time.  It  was  then  ten  and 
one-half  inches  lower  than  on  July  (>.  The  lake  was  lower  on  Noveml>er  2,  than 
at  any  time  since  1871,  when  the  marshes  around  the  lake  were  drier  than  in  1895. 
Since  November  2,  the  lake  has  been  rising  until,  on  December  25,  it  was  fifteen 
and  three-cjuarters  inches  higher  than  on  November  2. 

In  May,  1891,  the  lake  was  higher  than  at  any  time  during  the  past  twenty 
years.  The  difference  between  well-remembered  high  water  marks  of  that  time 
and  the  level  of  November  'J,  1895,  is  four  and  one-half  feet,  which  is  the  maxi- 
mum fluctuation  during  recent  years.  Each  spring  since  1891,  has  found  the 
level  of  the  lake  lower  than  during  the  preceding  spring.  This  gradual  lowering 
of  the  level  of  the  lake  has  decreased  its  area  and  has  shown  marked  changes  in 
the  marsh  land  along  the  margin  of  the  lake.  Four  years  ago  the  water  in  Conk- 
ling  Bay  covered  an  area  a  half-mile  in  diameter,  now  it  is  reduced  to  three  hun- 
dred feet  in  diameter;  a  small  shallow  lake  just  west  of  Conkling  Bay  contained 
water  throughout  the  year,  now  it  is  dry  and  growing  good  crops;  fields  lying 
west  ot  the  channel  were  almost  marsh  land,  the  crops  being  greatly  damaged  by 
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water,  bnt  during  the  past  two  years  no  difficulty  has  been  experienced  in  tilling 
tliem;  two  or  three  feet  of  water  flowed  over  the  Gordoniere  Marsh,  which  is  now 
dry  with  beach  lines  forming  along  its  margin;  and  boats  were  rowed  over  all 
parts  of  the  Johnson  Marsh,  while  at  present  hardly  any  of  its  surface  is  sub- 
merged. 

Consult  Hydrographic  Map  Next  to  Front  Cover. 


Temperature  of  Turkey  Lake.     By  J.  P.  Dolan.* 

In  making  these  observations  a  Charles  Wilder  standard,  protected,  thermom- 
eter was  employed.  They  were  begun  the  13th  of  July,  during  which  month  four 
soundings  were  taken  in  the  deepest  parts  of  the  lake  from  the  surface  to  the 
bottom  at  every  live  feet.  Then  on  October  5  two  records  were  made  at  about  the 
same  points,  and  again  on  November  2. 

September  17  a  rain  guage  was  set  up  and  from  that  day  to  the  present  a 
regular  record  of  temperature,  precipitation,  direction  of  wind  and  rise  and  fall 
of  lake  has  been  kept,  but  the  observations  have  been  confined  to  the  northwest 
part  of  the  lake;  properly,  Syracuse  Lake. 
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From  December  3  lo  noun  uf  llie  20lh  the  lake  was  covered  with  ice.  Diiriug 
Ihis  period  the  surface  temperature  varied  from  33°  to  34j°  and  the  liotlom  from 

At  5:00  p.  M.  of  the  20tli,  ten  houre  after  the  ice  started  to  more  in  a  body 
from  the  lake,  the  surface  showed  36i°,  a  gain  of  21° ;  the  bottom  STJ",  another 
gain  of  '1^°,  and  in  the  shallow  water,  fifty  feet  from  soiilh  shore,  where  it  had 
been  32°,  33°,  33°  on  the  7,  8  and  llth  respectively,  it  was  now  43°,  a  gain  of  10°. 

The  next  day  surface  and  bottom  both  registered  37°  degrees  at  the  twenty- 
Sve-foot  station. 

The  resuliH  of  these  observations  are  embodied  in  tlte  accompanying  profile 
chart,  in  which  it  hns  been  uttemjited  to  show  the  absolute  and  relative  move- 
meula  of  the  air,  surface,  and  bottom  of  lake  at  a  depth  of  twenty-tiTe  feet. 
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{(t)  A  few  well-known  facts  are  emphasized,  the  variableness  of  the  atmos- 
phere and  the  persistence  of  the  water;  that  water  is  a  poor  (6)  radiator  and  an 
indifferent  conductor  of  heat,  and  responds  slowly  to  atmospheric  changes. 

(d)  It  shows  also  that  the  great  volume  of  Syracuse  lake  at  no  time  has  been 
stagnant,  but  that  a  condition  of  activity  has  obtained  throughout  the'entire  period 
of  observation. 

(c)  For  the  four  months  in  which  a  large  number  of  observations  were  made 
the  general  average  of  the  water,  both  surface  and  bqttom,  is  higher  than  that  of 
the  air. 

A  difference  of  10°  between  the  water  one  foot  deep  near  the  shore  and  the 
surface  raid-lake  during  a  rain  the  day  the  ice  left  the  lake,  shows  that  the  surface 
drainage  is  no  small  factor  in  winter  and  spring  in  raising  the  temperature  of 
the  whole  bodv. 


PART  II.     THE  INHABITANTS  OF  TURKEY  LAKE.* 

Plankton. 

P>y  plankton,  Hensen,  the  author  of  the  word,  means  everything  floating  in 
the  sea  and  passively  driven  about  by  the  waves  and  currents.  Haeckel  in- 
cludes under  plankton  all  organisms  swimming  in  the  sea.  Haeckel  says: 
"The  totality  of  the  swimming  and  floating  population  of  the  fresh  water 
may  be  called  limnoplankton."  Limnoplanktonic  studies  have  been  made  when- 
ever a  collector  scooped  for  protozoa,  diatoms  or  other  minute  organisms. 
Planktonic  studies  of  this  sort  have  been  carried  on  for  a  long  time.  Recently 
plankton  has  been  studied  in  a  new  way,  first  in  the  ocean  and  more  recently  in 
fresh  water.  This  more  recent  study  has  been  the  quantitative  and  qualitative 
estimation  of  the  plankton  in  a  given  volume  of  water.  There  seem  to  have 
developed  in  a  remarkably  short  time  two  schools  of  planktonists,  the  one  headed 
by  Hensen  asserting  that  planktonic  organisms  are  uniformly  distributed,  the 
other,  headed  by  Haeckel,  being  equally  sure  that  planktonic  creatures  are  to  be 
found  in  clouds  or  schools.  We  are  interested  in  plankton  only  in  so  far  as  it  is 
part  of  the  environment  of  the  vertebrates  inhabiting  the  lake.  That  it  is  not  an 
unimportant  element  of  the  environment  is  due  to  the  fact  that  it  forms  the 
primitive  food  of  most  of  the  fishes  and  that  at  the  most  plastic  period  in  the  life 
of  the  individual.     The  amount  of  plankton,  as  well  as  its  composition  from  year 
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to  year,  is  therefore  of  prime  importance  in  the  search  for  the  causes  of  the 
ditterences  in  the  same  fish  in  two  contiguous  lakes  or  in  two  successive  years  in 
the  same  lake. 

Our  plankton  apparatus  was  completed  too  late  to  enahle  us  to  make  any 
systematic  measurements,  especially  as  our  planktonist  was  actively  engaged  in 
the  physical  survey  of  the  lake.  But  plankton  was  collected  and  some  of  its 
difierent  constituents  will  be  reported  upon. 

A  good  historical  account  of  planktonic  studies,  as  well  as  exact  definitions, 
are  to  he  found  in  the  Planktonic  Studios  of  Haeckel,  translated  hy  (>.  W.  Field, 
and  published  in  Commissioners'  Rejiort,  1889-^1,  U.' S.  Com.  Fish  and  Fisheries, 
pp.  565-641. 

In  the  following  sketch  several  groups  of  animals  are  not  at  all  considereds 
and  others  but  brielly.  The  only  groups  found  in  the  lake  of  which  we  approxi- 
mate a  complete  list  are  the  fishes,  batrachians  and  reptiles.  Deficiencies  will  be 
removed  in  subset] uent  reports  when  a  classificatit>n  of  the  material  into  /iV/ora/, 
Ixithyhial  and  pdnfjic  will  also  be  attempted. 

PROTOZOA. 

• 

The  Prolnzoa  were  not  represente«l  by  a  large  array  of  speciesduring  the  summer. 
No  detailed  work  has  been  done  on  them  as  yet,  but  I  want  to  mention  two 
characteristic  forms. 

The  most  striking  Protozoan  is  Ophruiiiim.  It  is  found  in  clumps  varying  from 
microscopic  minuteness  to  the  size  of  walnuts,  and  in  different  parts  of  the  lake 
the  pebl)le3  and  exposed  parts  of  ciam  shells  are  covered  with  these  colonies  to 
such  an  extent  as  to  suggest  young  lettuce  Ix'ds. 

Cerathim  hinidint:lhi  is  as  striking  and  abundant  in  the  pfh(/lf.  regions  as 
Ophntiiinn  is  in  the  liftoral. 

In  this  connection  two  plants  may  also  l)e  noticed. 

liirulnria  is  very  abundant  during  the  whole  summer.  It  is  conspicuous  in 
calm  weather,  when  it  rises  to  the  surface.  Toward  the  end  of  August  and  in 
early  September  it  collects  in  such  numbers  as  to  form  large  patches  and  streaks, 
forming  a  true  Waftnrrhfii(h*\ 

Various  forms  of  PabneUn  are  abundant  during  the  whole  summer,  and  in 
October,  when  Rirulario  has  disappeared,   it  forms  large  patches  on  the  surface 
forming  the  WaitufibUiflte  of  the  late  fall. 
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PORIFERA. 

Sponges  are  not  abundant  in  the  lake.     They  are  found  in  small  patches  on 
boards,  sticks  and  other  things  near  the  margins  of  the  lake.     They  grow  much 
more  luxuriantly  in  the  outlet  of  the  lake  where  they  sometimes  form   patches, 
several  square  feet  in  extent. 

CNIDARIA. 

Htfdni  tj/jV/m  L.  Specimens  of  hyrfm  were  exceedingly  rare.  On  one  occasion 
a  few  were  taken  on  a  submerged  stick  near  HIack  Stump  Point. 

PLATHELMINTHES. 

Flat  worms  were  not  systematically  collected  and  none  of  these  collections 
have  been  identified.  Of  Turbdlariam  there  were  several  species.  Ainia  calm  is 
infested  by  a  tape  wt)rm  and  by  a  Dnifominn, 

NEMATHELMIA. 

No  attempt  was  made  to  collect  thread  worms.  Gordiujt  is  exceedingly 
abundant  on  the  margins  during  the  latter  part  of  summer.  I  counted  as  many 
as  twelve  in  the  area  of  one  foot  square. 

ANNELIDA.       BY  BESSIE  C.  RIIXJLV. 

No  Chuetopoiln  were  collected. 

No  systematic  attempt  was  made  to  get  large  numbers  of  leeches,  but  speci- 
mens were  preserved  whenever  found.  In  the  classification  I  have  followed 
Verrill. 

XtphrliH  t{H(ulriMriatn  (irube.     Thirteen  specimens  from  Turkey  Lake. 

Xrp/it'lisft'n'itln  Verrill.     Fourteen  specimens. 

('hpxinf  jHir(h'<itic(t  Diesing.     Three  specimens. 

('h paint'  (nnota  atelfatd  ViirnU.  This  species  was  not  found  in  Turkey  Lake. 
Two  specimens  were  taken  in  Tippecanoe  Lake. 

Clfp.<in*-  ornatn  nitfnm  Verrill.     Four  specimens. 

Clrpain*'  ornnta  variety  d  Verrill.  Ten  large  specimens  corresponding  with 
the  second  specimen  described  by  Verrill  were  found,  most  of  them  on  turtles. 

(.ltp'*in*'  jKipilltjfra  Verrill.     One  specimen. 

Clepf<iite  iHipiUifera  caiinahi  Verrill.  Three  specimens.  One  of  these,  one- 
half  inch  long,  was  found  under  a  stone  in  front  of  the  laboratory.  A  number  of 
young  were  attached  to  it. 

Clepifin*'  paUUht  Verrill.     One  specimen.     — 

CU'psine  fmUliia  variety  b  Verrill.     One  specimen. 

Clepsinf  eleffans  Verrill.     Five  ipecimens. 
(16) 
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ROTIFEBA.      D.    S.    KeLUCOTT. 

I  received  in  September  three  vials  of  plankton,  from  Mr.  Chancey  Juday 
with  the  request  to  report  upon  the  Roiifera  found  therein.  The  vials  were 
marked  and  described  as  follows :  ^'  I.  Contains  plankton  caught  at  the  surface 
of  the  water  of  Wawasee  Lake,  Indiana,  by  using  a  plankton  net;  taken  August 
28,  1895 ;  killed  in  picro-sulphuric  acid ;  washed  in  35  per  cent,  and  50  per  cent, 
alcohol  and  preserved  in  85  per  cent,  alcohol."  '*  II.  Depth  of  haul,  60  feet 
(Wawasee) ;  depth  of  water,  65  feet;  taken  July  20,  1895;  killed  in  Flemming's 
Fluid;  washed  in  35  percent,  and  50  per  cent,  alcohol,  and  preserved  in  85  per 
cent,  alcohol."  **III.  From  Tippecanoe  Lake ;  depth  of  haul,  110  feet;  depth 
of  water,  117  feet;  taken  August  7,  1895;  killed  in  Flemmings^s  Fluid;  washed 
in  35  per  cent,  and  50  per  cent,  alcohol,  and  preserved  in  85  per  cent,  alcohol." 

I  find  that  the  Roti/era  were  much  better  preserved  in  II  and  III  than  in  the 
first.  The  illoricate  species  in  I  were  scarcely  recognizable  ;  in  fact  three  species 
found  in  this  vial  I  have  not  been  able  to  place  more  nearly  than  the  probable 
genus.  Those  in  II  and  III  have  all  been  satisfactorily  identified.  While  the 
whole  number  recognized  in  these  collections  is  not  large  some  interesting  facts 
are  brought  to  light.  Three  species  not  hitherto  reported  from  this  country  are 
among  the  number,  and  others  rarely.  It  is  certain  that  the  roliferol  fauna  of 
these  lakes  is  rich  and  will  yield  many  unique  forms  as  a  reward  to  any  student 
who  may  be  able  to  work  in  the  region,  to  take  and  study  them  in  the  fresh  state, 
and  in  all  their  varied  relations  and  situations  of  residence. 

I  shall  enumerate,  with  remarks,  the  species  found  in  each  haul  separately, 
although  it  will  cause  some  repetition,  and  in  the  order  of  Hudson  and  Gosse's 
Roti/erdj  without  citing  the  bibliography  farther  than  a  description  where  the  par- 
tial bibliography,  however,  will  usually  be  found. 

I. 

1.  Ftoscularia  mutabilis  Bolton.  Not  infrequent.  It  is  quite  unexpected 
that  a  Hoscule  should  occur  among  pelagic  species,  and  yet  there  are  four  known 
species  of  these  Rhizota  that  cut  loose  and  become  sailors.  Mr.  H.  S.  Jennings 
has  found  three  of  them  in  St.  Clair  and  lakes  of  Michigan.  Of  this  one  he  says: 
"Very  common  in  towings  from  Lake  St.  Clair,  either  at  the  surface  or  near  the 
bottom.     Hudson  and  Gosse,  I,  56. 

2.  (Eeistoi  brachiaius  Hudson.  A  large  number  were  found,  but  it  was  im- 
possible to  identify  them  surely.  The  tube  conforms  to  the  figures  and  descrip- 
tions of  that  of  Brachiaius  ;  it  is  cylindrical,  smooth,  compact,  perfectly  hyaline, 
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often  containing  a  slight  amount  of  adhering  matter,  often  containing  several 
■eggs,  which,  however,  are  not  so  elongate  as  the  figures  represent  those  of 
BmchiafiiK;  the  long  narrow  foot  and  the  long  non-retractile  antenna^  agree  well 
with  the  type.  I  am  pretty  confident  that  it  is  BraehiatuSy  yet  I  am  surprised  to 
find  so  many  of  them,  or  any  of  them,  in  a  surface  tow,  as  it  is  evidently  norm- 
ally anchored  ;  perhaps  they  were  attached  to  floating  algu>  which  apparently  are 
not  uncommon  in  the  lake.     H.  and  G.,  I,  83. 

3.  PhiUxiinii  mega  lot  rocha  Ehrenberg.  Numerous.  I  have  often  taken  it 
at  a  distance  from  land,  particularly  in  shallow  lakes  or  among  floating  algsv. 
H.  1^  G.,  I,  101. 

More  than  one  species  of  Rotifer  which  could  not  by  any  means  be  identified 
were  present. 

4.  Socculwi  viridix  (rosse.     Rare.     H.  and  G.,  I,  124. 

5.  Pohfftrthrd  pUityptera  Ehrenberg.  Many  seen.  The  serrations  on  the 
edges  of  the  broad  plates  are  coarse  and  more  distant  than  in  the  type.  H.  and 
G ,  II,  «>. 

6.  hinorharis  pociiluni  Ehrenberg.  One  individual.  It  is  a  bottom  feeding 
species  and  rarely  occurs  in  a  surface  tow.     H.  and  G.,  II,  71. 

7.  r){nncharii<  colfin.'<ii  Gosse.  One.  Bottom  feeding  species.  It  has  not 
been  observed  in  this  country  before.  No  species  exceeds  it  in  beauty.  I  could 
not  make  out  the  pair  of  spines  on  the  foot  and  the  edge  of  the  lorica  appears  to 
be  set  with  a  row  of  small  spines,  rather  than  being  hserrale  as  described  and 
figured.     H.  and  G.,  II,  72. 

8.  Aim  ma  dchknris  Gosse.  Exceedingly  abundant.  Our  form  differs 
slightly  from  Gosse's  figure  since  the  mesal  ridge  of  the  lorica  does  not  extend 
straight  from  end  to  end,  but  has  a  decided  angle  at  each  pair  of  facets,  the  an- 
terior median  one  is  not  divided.     H.  and  dr.,  II,  124. 

0.  Sotholca  lonffispinn  Kellicott.  Not  rare.  This  rotiferon  was  first  known 
in  the  water  supplies  of  cities  along  the  (ireat  Lakes.  Soon  after  it  was  described 
in  1S7*.),  it  was  found  in  Olton  Reservoir,  Eng.,  and  then  by  Imhof  in  the  Swiss 
Lakes.  More  recently  it  has  been  found  in  lakes  of  America.  Mr.  Levic  reports 
finding  the  eye  spot  double,  or  so  far  separated  as  to  be  regarded  as  two  eyes.  I 
have  seen  several  in  these  collections  with  the  same  peculiarity. 
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II. 


1.  Polyarthra  platt/ptera  Ehrenberg.     Few.* 

2.  Triarihra  longiseta  Ehrenberg.  Comparatively  few  in  this  vial.  H.  and 
G.,  II,  6. 

3.  Ploesoma  lenticulare  Herrick.  Very  many.  It  occurs  in  the  lakes  of 
Europe.  In  this  country  it  has  been  reported  only  from  Lake  St.  Clair,  both  in 
bottom  and  surface  tows  (Jennings).     Zool.  Anz.,  Bd.  10,  577. 

4.  Brachionus  mUUans  Ehrenberg.  Rare.  I  have  found  this  an  abundant 
species  in  ponds  of  western  New  York;  it  is  a  good  sailor,  preferring  small  seas, 
however.  Authors  have  recorded  the  fact  that  the  posterior  spines  are  not  in  the 
same  horizontal  plane.  This  seems  to  be  in  relation  to  the  habit  of  always  turn- 
ing on  its  long  axis  as  it  swims ;  they  appear  to  bore  their  way  through  the  water. 
H.  and  G.,  Sup.  82. 

5.  Anurtta  cochlcaris  Gosse.     Many,  but  far  less  numerous  than  in  I. 
r>.     yothofca  longu^pina  Kellicott.     More  abundant  than  in  I. 

iir. 

1.  Afipfanchna  priodcmta  Gosse.  Quite  numerous.  Jennings  reports  this  tine 
species  as  abundant  in  Lake  St.  Clair,  both  at  the  surface  and  in  deep  water.  H. 
and  G.,  I,  123. 

2.  P(flifarthra  pkUyptera  Ehrenberg.     Several  found. 

3.  Triartkra  longUeta  Ehrenberg.     Numerous. 

4.  Diojichim  valga  Gosse.  Only  one  seen.  It  appears  to  agree  well  with  the 
figure  and  description.     H.  and  G.,  II,  77. 

•    5.     Amntra  cftchlearU  Gosse.     Not  common. 

6.  Notholca  longuipciu  Kellicott. 

Cladocera.    a.  Biroe. 

The  following  letter  on  the  CUidocera  of  Turkey  Lake  has  been  received  : 
I  enclose  list  of  CUidocera  in  your  bottles. 

1.  Holopedium  gibberum  Zdd.y  few;  Daphnia  hyalina  and  retrocurva  Forbes. 
Much  vUgul  material,  chiefly  Chthrocystis, 

2.  Holopedium  gibberum  D.  retroeurva  Sida.  erystcUlina  0.  F,  M.j  Diaphanowma 
braehyurum  Liev. 

3.  D.  retrocurva^  extreme  form  of  hemlet,  like  that  of  Lake  Mendota,  Diaph, 
braehyurum.     Material  looks  as  if  it  had  been  dried. 
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4.  D.  retrocurva  Diaph.  brachi/urum  Ceriodaphnia  Uicusti'iK  Birge.  Ijeptmhra 
hyalina  LiUj.^  Ilotojyedium  gibberuniy  one  specimen. 

5.  Diaph.  brachijurutHj  Sida  cnjiftatlimij  Cer.  hcustria, 

6.  IIolo.  (jihheruniy  Diaph.  brachj^uruirtj  D.  retroairixif  Algae  like  No.  1. 

7.  Diaph.  brachyuruniy  D.  rt'trocurixiy  Cer.  lacuntrv^y  Leptfxhra  hyalina. 
Great  number  of  EpUchurn  lacuntri^y  far  more  than  I  ever  saw  before. 
H.     D.  retrocurvuy  Sida  crytUalliiiay  Diaph.  ^  brachytwum. 

9.  Diaph.  brachyurum,  D.  retrocurvaj  not  an  extreme  form,  Daphnia  loiigiranis 
Sars,  Sida  cryi^allina^  very  few. 

Most  of  these  species  are  predictable,  that  is,  they  would  be  found  iu  al- 
most any  pelagic  collection  from  this  general  region.  I  do  not  think  that  H, 
f/ibbcrtun  has  been  found  so  far  south  as  this  collection  shows  it.  Cer.  iucuMris  has 
not  been  found  outside  of  Wisconsin  befjore.  The  specimens  are  much  more  thin- 
shelled  than  those  which  I  have  seen  before.  It  is  remarkable  that  D.  retrocuriu 
ii  far  more  numerous  than  is  D.  hyalina.  The  reverse  has  been  true  in  all  lakes 
which  I  have  studied,  except  Pine  Lake,  Wisconsin.  In  most  of  the  bottles  ex- 
amined it  was  difficult  to  find  D.  hyalina^  while  the  other  species  was  quite  plenty. 
It  is  to  be  noted  that  this  species  of  Forbes  is  really  a  variety  of  D.  kahlht^rgien- 
XM  Sch,  but  as  tlie  form  is  well  marked  and  the  full  name  intolerably  long,  I 
have  «juoted  it  by  the  varietal  name  only. 

D.  longiremis  has  been  found  before  only  in  Lake  Geneva,  Wisconsin.  In 
size,  form  and  shape  of  head  it  exactly  agrees  with  my  figures  and  description  in 
Trans.  Wis.  Acad.;  Vol.  IX,  p.  299,  pi.  XI,  figs.  4-10. 

In  all  bottles  there  were  many  Cyclops  and  DiaptomnHy  and  in  one,  as  already 
noted,  large  numbers  of  Episrhura. 

I  should  gladly  write  more,  but  have  been  too  busy  for  a  longer  report.  Will 
send  bottles  to  Marsh  for  Copepods  and  try  to  get  up  a  full  account  later. 

Very  truly, 

E.  A.  BiBOE. 

Data  of  the  lots  of  specimens  numbered  in  the  al>ove  letter: 

I.    Taken  Aug.  28,  1896,  between  1  and  2  p.  m.,  from  i?urface  of  water.    Killed  in 
picro-sulphuric  acid.    Preserved  in  70  per  cent,  alcohol. 

IL    Taken  June  27, 1895,  at  8  a.  M.    Skimmed  from  surface  of  water,  using  No.  2  Bolt- 
ing Cloth.    Killed  in  piero-sulphuric  acid.    Preserved  in  70  per  cent,  alcohol. 

III.  Taken  Aug.  14, 1895,  at  5  P.  M.  Depth  of  haul,  60  ft.  Killed  in  picro-sulphuric 
acid.    Preserved  in  70  per  cent,  alcohol. 

IV.    Taken  July  27,18%.     Skimmed  from  surface  of  water,  using  No.  2  Bolting  Cloth. 
Killed  and  preserved  in  10  per  cent,  formalin. 

V.    Taken  June  27, 1895,  at  8  ▲.  m.    Skimmed  from  the  surface  with  a  No.  2  Bolting 
Cloth  net.    Killed  and  preserved  in  10  per  cent,  formalin. 
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VI.    Taken  July  29, 1895.    Depth  of  haul,  25  ft.    Killed  and  preserved  in  formalin. 
YII.    Taken  July  12,  at  night.    Surface  skimming,  using  a  No.  2  Bolting  Cloth  net. 
Killed  and  preserved  in  10  per  cent,  formalin. 

VIII.    Taken  Aug.  1, 1895,  at  9  a.  m.    Depth  of  haul,  10  ft.    Killed  in  Flemming's  fluid. 
Preserved  in  70  per  cent,  alcohol. 

IX.    Taken  Aug.  7, 1895,  at  A  p.  m.    Depth  of  haul.  110  ft.    Killed  in  Flemming's  fluid. 
Preserved  in  70  per  cent,  alcohol. 

I,II,III,IV,  V,  VI,VII,  Vni  are  from  Turkey  Lake  or  Lake  Wawasee;  IX  is  from 
Tippecanoe  Lake. 

Decapoda. 

The  following  crayfishes  from  Turkey  Lake  were  identified  by  Mr.  W.  P. 
Hay,  of  Washington,  D.  C: 

Cambarus  blandingii  acutua  Girard. 
GambaruA  propinginis  Girard. 
Cambarus  virilis  Hagen. 


On  a  Small  Collection  of  Mollusks  from  Northern  Indiana.     By  R.  Ells- 
worth Call,  M.  D.,  Ph.  D. 

The  mollusks  herewith  reported  on  were  collected  by  the  members  of  the  In- 
diana University  Biological  Station  during  the  past  summer.  The  region  is 
sufficiently  well  characterized  in  the  report  of  Dr.  Eigenmann,  the  Director  of  the 
Station,  and  it  is  necessary  here  only  to  allude  to  its  salient  features. 

The  locality  is  on  the  divide  separating  the  drainage  areas  of  the  Great  Lakes 
and  the  Wabash  River.  In  certain  places  the  two  drainages  are  practically 
identical  and  thus  afford  opportunity  for  the  intermingling  of  the  two  faunas. 
The  lakes  and  streams  are  all  well  within  the  limit  of  glaciation  in  former  ages 
and  their  beds  and  shores  are  boulder-covered  or  lined.  The  bottoms  of  shallower 
portions  of  the  lakes  are  gravelly  or  muddy,  while  the  deeper  portions  are  either 
muddy  or  sandy.  Corresponding  with  these  physical  factors  are  certain  features 
of  molluscan  distribution  and  modification,  which  it  is  the  object  of  these  notes  to 
adduce  and  emphasize. 

UNIONIDJ-:. 

Anfxionta  decora  I>ea.  Two  specimens  of  this  form  were  found,  both  of  which 
were  obtained  in  Syracuse  Lake.  The  specimens  were  very  much  more  fragile 
and  far  thinner  than  is  usual  for  this  species,  even  when  secured  from  lakes  and 
ponds.  The  epidermis  is  quite  pale,  the  lines  of  growth  crowded,  and  the  nacre- 
ous deposit  very  white.  Forms  from  sluggishly  flowing  streams  in  southern  In- 
diana and  elsewhere  in  the  Ohio  basin  are  very  highly  colored,  both  interiorly 
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and  without.  As  in  other  members  of  this  family  from  these  lakes  the  optimum 
habitat  does  not  appear  to  be  here.  Many  of  the  shells  are  coated  with  heavy 
deposits  of  calcareous  matter,  indicating  a  chemic  condition  of  the  water  that  is 
unfavorable  to  the  normal  development  of  the  several  species. 

Anmltmia  fenuwiciana  Lea.  One  specimen  from  Turkey  Creek;  three  speci- 
mens from  Syracuse  Lake. 

The  resemblance  of  these  shells  to  the  Anodanta  suhcylindracea  is  very  marked 
indeed.  The  lake  form  is  lighter  both  in  texture  and  color  than  the  one  speci- 
men from  the  creek. 

Anmlonia  footinna  Lea.  Three  specimens  from  Syracuse  Lake;  one  specimen 
from  Turkev  Creek. 

The  shells  submitted  are  very  characteristic  of  this  form,  which  may  not» 
ultimately,  be  separated  from  Anodonta  /ar«jrfrw  Lea.  Like  its  congeners  from 
the  same  locality  the  lake  form  is  very  pale  in  color  and  unusually  thin  and 
fragile.  A  very  interesting  fact  is  illustrated  in  the  littoral  distribution  of  this 
species  and  Sphnriuvi  from  the  same  lake.  Those  which  occur  in  comparatively 
deep  water  are  very  much  thinner  and  lighter  in  color  than  the  shore  forms. 
Also,  those  which  are  found  on  the  northern  shores  are  thinner  and  more  fragile 
than  those  on  the  southern  beach.  The  reason  possibly  may  lie  in  the  prevail- 
ing winds,  which  are  from  the  northeast.  The  southern  beach  is  also  more 
gravelly  than  the  northern.  The  conditions  of  environment  then,  in  this  case, 
favor  thicker  development  of  the  shell  in  the  forms  living  on  the  southern  beach; 
they  need  greater  powers  of  resistance,  are  subjected  to  rougher  conditions  of 
habitat  and  this  finds  expression  in  heavier  secretion  of  nacreous  material.  The 
shells  which  live  at  the  lake's  bottom  are  also  beyond  the  disturbing  influence  of 
waves  and  being  deeply  imbedded  in  mud  develop  to  greater  size,  but  with 
thinner  shells. 

Mnryuritaim  cnlreoUt  Lea.     A  single  dead  specimen,  from  Turkey  Creek. 

This  specimen  is  a  very  characteristic  one,  the  deposit  of  calcareous  matter  on 
the  inner  surfaces  of  the  valves  being  marked ;  this  is  a  pathologic  feature,  well 
marked  in  the  type  specimens  which  Dr.  Lea  studied.  This  form  and  Margar- 
itnna  deltoid m  Lea  are  synonyms. 

Martjantana  rngosa  Barnes.  Represented  by  eight  specimens  from  Turkey 
Creek,  all  of  which  are  characteristic. 

Cnw  coccineus  Lea.     One  specimen,  dead,  from  Turkey  Creek. 

The  nacre  of  this  shell  is  quite  white,  a  fact  true  of  the  majority  of  shells 
which  fall  under  this  form,  though  the  type-form  was  beautifully  pink.  It  is 
often  found  in  collections  labelled    Unw  rubiginosus  Lea,  but  is  easily  separated 
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by  the  characters  of  tlie  cardinal  teeth  and  the  rounded,  Honangulate  character 
of  the  posterior  8h>j)e.  In  Vnio  /•w6iV/i*noj*Mj<  there  is  a  well  marked  ridge  extend- 
ing (}iiite  to  the  posterior  margin.  The  Hat  and  white  nacred  form  also  may 
occasionally  be  seen  in  collections  as  I'nio  tf<nildiauns  Lea,  now  a  well  recognized 
synonym. 

Unio  faftnlU  \jea.     Twelve  si>ecimens  from  Tippecanoe  Lake. 

This  is  one  of  the  smallest  of  our  UnioH.  The  shells  submitted  do  not  pre- 
sent any  variant  features  other  than  the  very  li^ht  coloration  so  cliaracteristic  of 
all  the  lake  shells  which  we  have  seen,      rnio  hpillnn  Say  is  a  synonym. 

rnio  ijihhosuit  Barnes.  This  form  is  represented  by  three  specimens  from 
Turkey  Creek.  These  are  all  much  thinner  and  lighter  than  the  same  species 
from  the  Ohio  and  Wabash  rivers,  in  both  of  which  it  is  a  common  shell.  It 
seems  to  be  verv  abundant  in  certain  of  the  lakes  of  northern  Indiana,  notablv 
LakeMaxinkuckee.  The  nacre  of  these  three  individuals  is  very  dark  purple. 
Similar  shells  to  these  probably  have  led  to  the  reference  of  Uniu  rnmphnotuH 
Solandcr  to  the  western  fauna. 

I'nin  I'/i.x  Lea.  Two  characteristic  specimens  from  Turkey  Creek.  Like  its 
near  relative — which  is  probably  also  a  s^vnonym — Unio  Hovinhomri  Lea,  this  shell 
occurs  most  commonly  and  abundantly  in  cn?eks  and  other  small  streams.  It 
most  affects  soft  nnuldy  bottoms  in  rather  still  waters. 

I'nio  lutt'ftlu^s  Lamarck.  Ten  specimens  from  Syracuse  Lake;  seven  specimens 
from  Turkey  Creek. 

This  species  is  the  most  widely  distributed  shell  of  the  family.  It  occurs 
in  every  stream,  lake  and  pond  in  Indiana  in  which  shell  life  of  any  sort  occurs 
at  all.  It  is  also  the  most  abundant  (jito,  and,  correlated  with  abundance  and 
wide  distribution,  is  a  range  of  variations  that  are  of  the  greatest  import  in  evo- 
lutionary processes.  All  the  shells  submitted,  particularly  those  from  Syracuse 
Lake,  arc  well  covered,  posteriorly,  with  carbonate  of  lime  in  heavy  masses. 
The  lake  specimens  also  have  iK'autifully  marked  green  rays  widely  separated 
over  a  polished  disk,  thus  constituting  them  the  form  to  which  Anthony  gave  the 
name  of  rnio  </*Wa/M.  The  epidermis  usually  has  the  peculiar  coloration  of 
forms  which  live  in  mu<Idy  bottoms,  though  in  the  lake  specimens  the  epidermis 
is,  for  s(»me  hidden  chemical  reason,  quite  red  posteriorly.  This  peculiar  color- 
ation has  often  been  noticed  in  shells  submitted  to  U8  from  the  lake  region  of 
Northern  Indiana. 

I'liio  (pccidem*  Lea.  Nine  characteristic  specimens  from  Turkey  Creek.  None 
present  features  different  from  shells  found  elsewhere  in  the  State. 

Vnio  pirxsu4i  Lea.     One  8])ecimen  from  Turkey  Creek. 
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A  great  many  shells  of  thiH  species  have  been  seen  from  time  to  time  from 
various  places  in  Indiana.  Very  many  of  them,  as  this  one  well  does,  pre- 
t^ent  a  peculiar  diseased  or  pathologic  condition-  of  the  cardinal  teeth  not  alto- 
gether unlike  the  condition  exhibited  by  the  interior  surface  of  MarffHritana  ml- 
ceoln.  In  this  instance  the  cardinal  teeth  are  nearly  destroyed  and  are  represented 
by  distorted  and  imperfect  vestiges.  It  would  be  interesting  indeed  if  the  Station, 
during  the  next  season,  could  investigate  this  phenomenon  .as  a  study  in  the 
physiology  of   Vuio^  a  field  yet  uncultivated. 

Vnio  nibiffitioAim  Lea.  Two  specimens  from  Turkey  Creek,  one  of  which  is 
pathologic 

These  shells  are  intermediate  between  Unio  trUfonux  I>ea  and  typical  Unio^ 
I'uhiginfMtus  Lea.  They  are  somewhat  more  trigonal  than  the  latter  shells  are  com- 
monly found,  and,  <m  the  other  hand,  are  less  heavy  and  trigonal  than  the  ponder- 
ous river  form.     The  whole  group  is  sadly  confused  and  needs  painstaking  revision. 

C'ORBICULAD.i:. 

Sjfhirriiiiii  rhoinhoufenm  Prime.  A  single  specimen  only  was  taken,  from  Turkey 
Lake,  in  muddy  bottom  and  in  comparatively  deep  water.  The  specimen  is  very 
much  thinner  than  usual. 

Spharium  .*olithtliin\  Prime.  Ten  specimens  from  Turkey  Lake.  These  are 
all  smaller  than  common  and  <juite  heavy;  they  came  from  the  l)each  at  Vawter 
Park. 

FRESH-WATER   UNIVALVES*. 

Amnirola  porata  Say.  Kight  specimens  of  this  small  univalve  were  ())>tained 
in  Tippecanoe  Lake.  Neither  it  nor  others  of  the  univalves  found  present  any 
characters  different  from  shells  found  in  streams  throughout  the  State. 

CanifH-loiiia  dtdj<iim  Say.     Five  dead  specimens  from  Turkey  Lake. 

Cami>*lniiiti  iiitctji'iiiH  Dekay.     One  dead  sj>ecimen  from  Turkey  Creek. 

ConijH'tnnm  I'ltfuin  Ilaldeman.  About  twenty  specimens  from  Tippecanoe 
Lake:  thirteen,  one  of  which  was  reversed  or  sinistral,  from  Turkey  Creek. 

There  is  no  difticulty  in  recognizing  these  several  forms,  though  tyros  an- 
nually make  the  discovery  that  there  are  no  valid  species  but  one.  CnmjHtdma 
rufuin  differs  from  both  the  others  constantly  by  the  outlines  of  the  whorls,  the 
shape  and  color  of  the  aperture,  the  pink  character  of  the  apical  whorls,  a  feature 
which  is  best  illustrated  in  the  very  young  and  which  is  a  constant  character,  and 
in  the  polishe<l  epidermis,  which  presents  a  character  seen  in  no  other  meml>er  of 
the  genus.     Reversed  forms  are  not  uncommon,  but  yet  may  be  justly  considered 
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rare.  The  type  of  the  genus  is  a  reversed  specimen  of  Camjieioma  ponderosum  from 
the  Ohio  River,  taken  by  Kafinesque  near  Louisville,  Ky. 

PlanorheUa  campunulnta  Say.     Very  abundant  in  all  parts  of  Tippecanoe  Lake. 

Helimma  tnvolvixSsiy.  Two  specimens  from  Turkey  Lake;  three  specimens 
from  Turkey  Creek.  The  form  submitted  from  Turkey  Creek  is  a  very  large  one, 
and  is  rather  heavy  in  texture.  The  species  must  be  very  abundant  in  favorable 
localities. 

Limnophym  humilis  Say.  Five  S[>ecimen8  of  this  small  limnseid  were  obtained 
along  the  shores  of  Turkey  Lake. 

Linmophym  caperata  Miiller.  A  single  specimen  of  this  common  form  only 
was  secured.     It  came  from  Turkey  Lake. 

Phym  ancil'aria  Say.  Four  specimens  taken  alive,  entirely  white,  from 
Turkey  Lake.  This  shell  is  usually  honey  yellow  in  coloration,  but  these  speci- 
mens were  a  snow  white. 

Phym  7yyjw«  Say.  Only  two  specimens  of  the  ** tadpole"  physa  appear  in 
the  collections,  and  these  came  from  Tippecanoe  Lake.  It  is  one  of  the  most 
widely  distributed  and  most  abundant  of  the  Limna'ida'. 

Goniohasiif  pvhhelh  Anthony.  Nine  specimens  from  Turkey  Lake ;  very 
abundant  in  Tippecanoe  Lake,  from  which  many  dead  specimens  were  submitted. 
This  form  is  widely  distributed  throughout  Indiana.  Sometimes  associated  with  it 
is  Gonioha^U  l\vei(cenn  Menke,a  form  decidedly  characteristic  of  the  lake  drainage. 

Pleurocera  Riihuhre  I^a.  Very  abundant  in  Lake  Tippecanoe,  from  which 
many  dead  exam])les  were  seen. 

Vah'ofa  tncarinnfa  Say.     A  single  specimen  from  Tippecanoe  Lake. 

LAND   MOLLUSC  A. 

LiiHcur  cmn))t')*trii<  Binney.  Four  specimens  of  this  widely  distributed  form 
were  obtained  from  Vawter  Park. 

Succinea  obVupui  Say.  This  species  is  represented  by  ten  alcoholic  specimens. 
All  taken  at  Vawter  Park. 

ZonUeit  (u'boreus  Say.     Three  alcoholic  specimens  from  Vawter  Park. 

None  of  the  univalves  present  features  worthy  of  special  mention.  The 
whole  collection  is  rather  the  result  of  incidental  work  than  of  careful  collecting, 
and  is  to  be  taken  as  somewhat  indicative  of  the  wealth  of  molluscan  life  in 
favored  localities  in  Indiana.  It  is  submitted  as  a  local  contribution,  in  the  form 
of  a  special  report,  that  may  help  to  a  general  knowledge  of  Indiana  mollusks. 
Cincinnati,  Ohio,  Novembers,  1895. 
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The  Odonata.     By  D.  S.  KELLKorr. 


I  received  for  identification  last  fall  two  small  collections  of  Dragonfiies  from 
Professor  Eigenmann.  They  have  been  studied  and  compared  with  a  determined 
collection;  the  following  species  were  included: 

1.  Calojyeryx  mamlata  Beauv.  It  occurs  throughout  the  Eastern  United 
States  and  is  usually  abundant  wherever  it  is  found,  preferring  shady  streams  or 
rivulets  of  spring  water. 

2.  Hettrritui  americana  Fabr.  Several  examples  of  both  sexes.  This  species 
extends  over  a  wide  eastern  range  and  is  represented  in  the  Gulf  States  by  a  well 
marked  form  known  in  the  lists  as  IL  hasalU,  and  on  the  Pacific  Slope  by  another, 
H.  Cali/ornica,  Flies  late,  often  until  the  middle  of  October,  in  Ohio.  The 
scarlet  patches  at  the  base  of  the  wings  of  the  male  make  it  a  beautiful  and  con- 
spicuous insect. 

3.  Enallagma  huge.ni  Walsh.  This  appears  to  be  a  rare  species,  but  has 
now  appeared  in  Illinois,  Indiana  and  Ohio. 

4.  Enallagnm  signafum  Hagen.     Extends  from  the  Gulf  to  Maine. 

5.  yK^chna  H^psydra  Say.  Two  males  and  one  female  (?)  were  sent.  All  the 
ititrhnatt  fly  late  in  the  season.  The  three  species  comttricta,  ckpfydra  and  rertuxdlU 
resemble  one  another  80  closely  that  they  are  often  regarded  as  one  species;  the 
females  can  not  be  separated  by  any  one  as  yet. 

6.  Anaj-  junliij*  Drury. 

7.  Tramt'a  laccrntu  Hagen. 

8.  Libelluln  bai*al{H  Sav. 

9.  Lil>€lfnl(t  pulrhdUi  Drury. 

10.  Platlu'inui  frimacidata  DeGeer. 

11.  (\'lifhemis  ('iwnino  Drury. 

12.  Ihpbif  ricind  Hagen.  This  is  doubtless  the  last  odonat  on  the  wing  in 
our  latitude.  In  central  Ohio  it  has  been  taken  pairing  and  ovipositing  as  late  as 
November  8. 

13.  }fr.'*o(hemi.-<  .timplicoUii*  Say. 

14.  PdchydipUir  longiptnnin  Burm. 

I  am  surprised  at  the  absence  of  all  Gomphines  and  that  so  few  Agrionines 
are  present.  Collecting  in  the  early  summer  would  doubtless  disclose  several 
species  of  both  groups. 
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Fishes.     By  C.  H.  Eigenmann. 


Fishes  were  collected  in  much  larger  numberH  than  any  of  the  other  verte- 
brates. They  will  form  the  subject  of  our  most  extented  study  of  variation.  I 
present  here  simply  a  few  dates  on  the  spawning  time  and  the  distribution  of  the 
various  species  in  the  localities  examined.  Half  of  these  localities  are  on  the  St. 
Lawrence  side  of  the  divide;  the  other  half  on  the  Mississippi  side.  To  show  the 
relation  of  the  fauna  to  that  of  the  State  I  present  a  complete  list  of  Indiana 
fishes. 

SPAWNING  SEASONS. 

« 

Most  of  the  tishcs  spawn  in  the  spring  before  the  Station  opened.  This  was 
true  of  all  the  larger  species  except  a  few  stragglers  of  Ijepomiat  paUidiis. 

Xotunui  fi'iruH.  This  species  is  common  under  boards  and  logs  in  Turkey 
Creek,  at  Syracuse.  Eggs  were  found  in  all  stages  of  development  the  latter  half 
of  June.  They  are  laid  in  little  depressions  in  the  gravel  under  boards,  and  are 
apparently  watched  by  the  adult.  The  eggs  adhere  to  each  other  in  masses  large 
enough  to  fill  the  hollow  of  the  hand.  The  eggs  are  very  Habby,  the  membrane 
being  not  tense,  as  usual  in  fish  eggs.  After  hatching  the  young  remain  together 
in  the  nest,  and  if  they  are  uncovered  by  raising  the  board  they  quickly  scatter  to 
hide  under  another  object  or  under  the  board  again  if  this  has  been  turned  over. 
The  blastoderm  forms  a  narrow  nodule  well  separated  from  the  yolk  by  a  deep 
constriction. 

Pimeph(Uej<  notatus.  The  eggs  of  this  species  are  laid  on  the  under  surface  of 
various  objects  submerged  in  the  margin  of  the  lake  to  a  depth  of  one  or  two  feet. 
The  fish  is  usually  found  with  the  nest,  and  the  immediate  neighl>orhood  of  the 
nest  is  kept  clean  of  weeds  and  mud.  The  eggs  were  found  during  the  whole  of 
June  and  the  greater  part  of  July.  The  young  swim  near  the  surface  and  are 
verv  abundant  the  latter  half  of  June. 

Fnnd'dnA  diaphanus  mvuoiia.  On  June  24  eggs  of  this  s|)ecies  were  dragged 
up  by  the  seine  from  tlie  grass  of  the  bottom.  They  are  bound  together  by  fila- 
ments. 

Zygonecteti  notatua.     Many  taken  on  June  27  in  Turkey  Creek  were  with  ripe 

EtheoHtoma  eaprorfes.  This  species  was  spawning  on  May  30,  a  single  ripe 
iemale  was  taken  al)out  June  25. 
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Batbachia.     By  Curtis  Atkinson. 


Siren  laeertinn  Linnaeus.  A  single  specimen  of  this  species  was  taken  in  the 
seine  in  the  channel.  Mr.  Dolan  secured  another  late  in  September,  and  after- 
wards, through  his  students,  secured  a  nest  of  eleven,  which  were  uncovered  while 
cleaning  a  lot  near  Syracuse.  These  had  evidently  gone  into  winter  quarters. 
Five  of  them  are  still  alive.  Turkey  Lake  is  the  most  northern  locality  so  far 
recorded  fo.r  the  siren. 

Xecturujt  manuhitus  Kafinesque.  Three  specimens  of  this  species^  were  secured. 
It  is  said  to  be  abundant,  but  no  other  specimens  were  noted.  On  June  28,  a 
number  of  eggs  were  found  fastened  to  the  lower  surface  of  a  board,  which  was 
well  imbedded  in  the  mud  of  the  l)ank  of  Turkey  Creek.  The  young  were  al- 
ready quite  active  in  the  loose,  flabby  bags  forming  their  covering. 

AmblyMoma  Jefferson ianvm  Green?  A  single  specimen  under  a  log  near  the 
lake. 

Bu/o  lendyinoi^H^  Shaw.  The  ubiciuitous  toad  was  present,  but  not  in  great 
numbers  at  Syracuse,  Turkey  and  Tippecanoe  lakes. 

Acris  f/rj/UiiH  crepifam*  Baird.  Abundant  along  the  shallow  margins  of  the 
lake  among  rushes  and  Hllypads.  Detailed  localities  where  it  was  taken  are 
outlet  of  String  Lakes,  Turkey  Lake,  Syracuse  Lake,  Turkey  Creek,  Webster  and 
Tippecanoe  Lakes  and  Tii)pecanoe  River. 

R(ina  rire.^eens  Kalm.     Very  abundant  and  variable.     I  am  nr>t  at  all  certain 

that  the  varieties  described  by  Cope  and  Hay  are  to  be  found  among  our  material, 

but  it  seems  (juite  certain  that  there  is  no  correlation  in  the  variations  of  different 

parts  of  the  body.     If  varieties  are  to  be  distinguished  it  must  be  by  separating 

them  on  single  characters. 

I  have  made  measurements  of  a  number  of  characters  to  determine  whether 
the  120  specimens  collected  could  be  grouped  according  to  any  of  these. 

The  relation  of  the  tibia  in  the  length  of  the  body  gave  the  length  of  the 
tibia  .55  that  of  the  body  as  the  most  common  relation  between  the  parts. 

From  this  there  is  a  gradual  reduction  to  a  length  of  .49  on  the  one  hand  and 
an  increase  to  .70  on  the  other.  But  .20  of  the  specimens  had  the  tibia  with  the 
most  common  length.  This  character  is  then  perfectly  useless  in  separating 
varieties  in  my  specimens. 

The  same  may  be  said  of  the  length  of  the  head  in  the  length  of  the  body, 
.33  is  the  relation  occurring  oftenest  and  from  this  there  is  a  variation  to  .20  on 
one  hand  and  .27  on  the  other;  .20  of  all  the  specimens  have  the  length  of  the  head 
.33  of  the  length  of  the  body. 
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The  relation  of  the  fifth  toe  to  the  length  of  the  third  toe  gave  a  very  jegged 
curve  with  the  length  of  the  fifth  toe  .95  of  the  length  of  the  third  as  the  condi- 
tion occurring  in  .20  of  the  specimens.  From  this  a  very  irregular  curve  extends 
to  .89  on  one  side  and  to  1.00  on  the  other. 

The  relation  of  the  diameter  of  the  tympanum  to  the  diameter  of  the  eye 
gave  the  most  irregular  curve.  Thirty-five  per  cent,  of  all  the  specimens  had  a 
tympanum  with  a  diameter  equal  to  .60  of  that  of  the  eye.  From  this  we  have 
a  saw-toothed  curve  to  .48  on  one  side  and  .70  on  the  other.  A  comparatively 
large  per  cent. — 15  per  cent. — have  a  relation  of  .50.  Attempts  to  get  system 
out  of  this  curve  by  breaking  it  up  into  age  curves  did  not  succeed  entirely.  But 
these  separate  curves  for  the  difierent  ages  show  that  in  the  young  the  tympanum 
is  comparatively  small,  and  that  the  peak  noted  at  the  .50  mark  is  due  to  the 
young  included  in  the  general  curve. 

The  whole  study  emphasized  the  fact  that  there  is  little  or  no  co<">rdination  in 
the  variation  in  this  frog.  No  two  characters,  in  fact,  seem  to  vary  together  and 
all  the  specimens  may  Imj  referred  to  but  one  variety. 

I  have  in  the  following  grouping,  in  the  shape  of  the  conventional  key,  sep- 
arated the  specimens  according  to  their  color  patterns.  All  but  one  or  two  of 
the  combination  of  patterns  contains  individuals  which  have  the  vomerine  patches 
of  teeth  forming  a  straight  line,  and  others  with  these  patches  inclined  to  each 
other  at  a  more  or  less  distinct  angle.  They  clearly  show  that  there  is  no  co<)rdi- 
natioii  in  the  difierent  parts  of  the  color  pattern.  Each  region  varies  apparently 
independently  of  the  others. 

KEY   TO  THE  COLOR   PATTERNS. 

a.     A  spot  on  the  nose. 

//.     Two  complete  series  of  spots  on  the  back. 
c.     Two  cross  bars  on  the  femur. 

<L     Tibia  with  a  mixture  of  spots  and  bars.     5  specimens. 
hh.  Two   complete   series  of  spots  on    the   back,  with   a    third    broken   series 
between. 
f.      Two  cross  bars  on  the  femur. 
/.      Tibia,  with  a  mixture  of  spots  and  bars.     \i\  si>ecimen8. 
/.      Tibia,    with  a  row  of  spots  on  the  anterior  an<l  another   on   the 
posterior  e<lge,  upper  surface  unspotted.     1  specimen. 
rc     Three  cross  bars  on  the  femur. 

If.      Tibia,  with  a  mixture  of  spots  and  bars. 
h.      Spots  on  back,  many  and  small.     21  specimens. 
hh.    Spots  on  back,  few  and  large.     13  specimens. 
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gg.    Tibia,  with  a  row  of  spots  on  the  anterior  and  another  on  the 
l)osterior  edge,  upper  surface  unsjtotted.     9  s])e€iroens. 
eet.     Four  or  five  cross  bars  on  femur. 

i".      Tibia,  with  a  mixture  of  spots  and  bars.     U\  specimens. 
a.     Tibia,  with  a  row  of  spots  on  the  anteri<>r  and  another  on  the 
posterior  ed>fe,  upper  surface  unspotted.     2  specimens. 
aa,  Xo  spr)t  on  the  nose. 

./.      Two  series  of  spots  on  the  back. 

k.      Two  cross  bars  on   femur.     Tibia,   with  a  mixture  of 

spots  and  bars.     4  specimens. 
kk.    Three  cross  burs  on  the  femur.     Tibia,  with  a  mixture 

of  spots  and  l>ars.     4  specimens. 
kkk.  Irregular  number  of  cross  bars  on  femur,  always  more 
than  three. 
/.      Tibia,  with  a  mixture  of  spots  and  bars.     2  si>ecimens. 
//.     Tibia,  with  a  row  of  spots  on  the  anterior  aad  pos- 
terior edge,   upper  surface  unspotted.     2  sj^eci- 
mens. 
//.     Two  complete  series  of  spots  on  the  back,  with  a  third 
broken  series  between  them. 
)i\.    Two  (Tos"^  bars  on  the  femur.     Tibia,  with  a  mix- 
ture of  sjMits  and  bars.     4  specimens. 
mm.      Three  cross  bars  on  the  femur. 

n.      Tibia,   with    a   mixture  of  spots  and   bars.     11 

specimens. 
nn.    Tibia,  with  a  row  of  spots  on  the  anterior  and 
another  on  the  posterior  etlge,  upper  surface 
unspotted.     4  specimens. 
mmm.  Four  or  five  cross  bars  (»n  the  femur. 

t>.      Ti!>ia,   with  a  mixture  of  spots  and  bars.     1 

s{)ecimen. 
no.    Tibia,  with  a  row  of  spots  on  the  anterior  and 
another  on  the  posterior  edge,  upi»er  sur- 
face unspotted.     4  s{)ecimen8. 
String  Lakes,  Up|>er  and  Lower  Turkey  Creeks,  Turkey,  Webster  and  Tipj>e- 
cauoe  Lakes. 

Uana  ^xibiMrU  I^Conte.     One  at  the  String  Lakes,  one  at  Turkey  Lake,  five 
at  Tippecanoe  Lake. 
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liana  sylvatica  LeConte.     A  single  specimen  at  Turkey  Lake. 

Rana  ciwiuUa  Daudin.  Abundant  at  Upper  and  Lower  Turkey  Creek,  Turkey 
and  Tippecanoe  Lakes. 

Bana  ccU€i<biana  Shaw.  Abundant  among  lily  pads,  especially  in  parts  of  the 
lake  not  frecjuently  visited.     Turkey  and  Tippecanoe  Lakes. 


Snakes  of  Turkey  Lake..  By  G.  Reddick. 

The  number  of  specimens  of  snakes  taken  amount  to  about  225.  They  belong 
to  five  genera  and  eight  species. 

Baseanion  ronslrietor  Linn,  is  common  around  Turkey  Lake  and  is  the  largest 
of  the  snakes  found  here.  This  snake  is  of  course  no  part  of  the  lake  fauna.  This 
snake  was  also  taken  at  Lake  Tippecanoe. 

Kutainia  i<irtalv<  Linn,  is  very  abundant  along  the  margin  of  the  lake,  feed- 
ing on  frogs  and  tish.  One  specimen  was  secured  with  a  cat-fish  spine  sticking 
through  the  body  wall  of  the  snake. 

Young  taken  from  this  snake  July  17  averaged  a  slight  fraction  over  seven 
inches  in  length  and  were  almost  grown,  only  a  very  small  amount  of  the  yolk 
being  left.  These  young  as  soon  as  they  were  liberated  would  try  to  crawl  away, 
and  upon  provocation  and  some  without  prov(^ation  would  open  their  little  mouths 
and  flatten  their  heads  and  strike  as  viciously  as  old  snakes. 

As  high  as  seventy-two  young  were  taken  from  one  snake,  and  often  from 
thirty  to  forty.  The  average  appearing  to  be  between  thirty  and  forty.  This 
snake  was  also  secured  from  Tippecanoe  Lake. 

Kntainia  xaurita  Linn,  is  not  nearly  so  abundant  nor  is  it  nearly  so  prolific. 
Eggs  were  taken  from  only  three  or  four  specimens,  six  being  the  highest  number 
taken  from  any  one.  Specimens  of  this  snake  were  also  taken  from  the  margins 
of  Lake  Tippecanoe. 

Kntainia  hutUrii  Cope.  Only  one  specimen  of  this  was  taken.  It  was  four- 
teen and  one-half  inches  long.  This  snake  is  short  and  chubby  and  its  movement 
is  very  characteristic  of  it.  It  does  not  have  the  gliding  movement  of  K  rnvrita 
nor  the  swift  but  yet  very  active  movement  of  N,  inpedonj  but  seems  rather  to 
exert  a  large  amount  of  force  to  do  little  crawling.  The  movement  is  so  charac- 
teristic that  I  believe  any  one,  having  once  seen  the  ()eculiar  way  in  which  it  tries 
to  hurry  itself  away,  would  ever  after  be  able  to  recognize  it  at  a  distance.  No 
specimen  was  taken  from  Lake  Tippecanoe. 
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Nntnx  kberis  lAnn.  is  rare  in  Turkey  Lake,  but  common  in  Lake  Tippeca- 
noe.    Twelve  is  the  highest  number  of  embryos  taken  from  any  one  s|>ecimen. 

Embryos  taken  August  5  contained  a  considerable  amount  of  yolk;  probably 
enough  to  nourish  the  embryo  for  a  month  or  more. 

Satrix  n'pedon  Linn.  i<<  the  most  abundant  of  snakes  found  in  this  region, 
but  not  the  most  prolific,  E.  sirtalis  standing  ahead  of  it.  Thirty-four  was  the 
highest  number  of  eggs  taken  from  any  one  s})ecimen.  One  snake  which  was 
kept  in  confinement  gave  birth  to  fourteen  young  the  third  week  of  Sei)tember. 

Among  the  buUrushcs  is  a  favorite  abode  for  this  snake,  and  also  under  any- 
thing whatever  that  happens  to  be  lying  along  the  margin  of  the  lake,  especially 
if  it  happens  to  be  lying  partly  in  the  water. 

Sistnirus  cutinatiiR  Raf.  This  snake  is  very  common  around  Turkey  Lake 
and  also  around  Lake  Tippecanoe.  Several  specimens  were  secured  and  others 
killed.     It  lives  chiefly  in  the  swamps. 

A  specimen  taken  Au^'ust  G  contained  five  eggs  and  the  embryos  were  seven 
inches  long. 

Storeria  dckai/i  Hoib.  Only  one  specimen  of  this  was  secured.  It  was 
taken  along  a  highway  running  by  the  side  of  a  swamp. 


Tkstudinata.     Hy  (J.  H.  Eigenmann. 

Turtles  are  at  all  times  and  everywhere  abundant.  They  frequent  esi>ecially 
the  shallower  portions  of  the  lake.  Many  specimens  oi  all  ages  were  preserved. 
The  number  oi  variations  in  the  shields  is  large.  I  present  here  simply  a  list  with 
notes  on  their  abundance  and  breeding  habits. 

Cht.hidra  Bcrptnfiita  Linnu'us.  This  species  is  abundant  in  Turkey  Lake,  and 
reaches  a  larger  nize  than  any  of  tlie  others.  It  is  caught  for  the  markets.  It  is 
much  silver  than  the  other  species  of  turtles  and  is  not  frequently  seen.  It  inhabits 
the  shallower  muddy  parts  of  the  lake,  being  abundant  in  the  kettle  and  about 
Morrison's  Islan<l.     No  eggs  were  found. 

Trionjfx  spinifi'rus  LeSueur.  The  soft-shelled  turtle  is  very  abundant.  It  is 
the  second  in  size  and  is  caught  for  the  markets.  Its  round  eggs  are  laid  in  the 
sand  and  gravel  near  the  watcr\  edge  during  June  and  July.  On  June  26  one 
was  seen  digging  a  nest  in  the  gravel  banks  at  Syracuse,  and  on  the  27th  we 
obtaine<l  eggs  from  tive  ne>ts  about  Ogden  Point  and  other  places  about  the  kettle. 
Other  fresh  nests  were  found  .Inly  1>.     The  time  of  hatching  was  not  determined. 
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Several  empty  nests  were  found  in  July»  but  some  eggs,  examined  as  late  as  Sep- 
tember 1,  contained  young  which  would  have  been  ready  to  hatch  about  a  month 
later.  The  number  of  eggs  found  in  several  nests  was  as  follows:  9;  12;  17;  18; 
27;  32. 

Aromochdys  odoruta  Bosc.  This  species  is  abundant,  but  not  conspicuous. 
Individuals  were  oftenest  seen  the  latter  part  of  June  and  first  part  of  July  while 
laying  their  eggs.  The  eggs  are  laid  in  the  rotten  wood  in  the  tops  of  stumps 
standing  in  the  margin  of  the  lake.  The  turtles  were  fre<iuently  found  in  the 
tops  of  these  stumps,  and  some  of  tiieir  eggs  wedged  as  far  into  the  rotten  wood 
as  a  finger  could  bore.  Kotten  logs  removed  some  distance  from  the  water  are 
also  favorable  places  for  egg  laying,  and  in  a  mucky  place  of  small  area  at  the 
edge  of  the  lake  362  eggs  were  taken  at  one  time.  The  number  of  eggs  laid  by 
one  individual  varies  from  4  to  7,  this  number  being  usually  in  a  cluster.  At  this 
rate  about  sixty  turtles  must  have  contribute<l  to  the  nest  of  362.  While  passing 
along  a  wheat  field  «ome  turtles  were  seen  coming  from  it,  and  on  ins])ection  it 
was  found  that  they  had  deposited  their  eggs  in  the  ground  in  depressions  made 
by  a  cow  while  walking  over  the  ground  when  it  was  soft.  Still  other  eggs  were 
found  in  bundles  of  rushes  drifted  together.  An  interesting  change  of  habit 
seems  to  have  taken  place  among  these  turtles  during  the  last  fifty  years.  Before 
that  time  the  number  of  stumps  standing  in  the  margin  of  the  lake  must  have 
been  exceedingly  small.  The  present  large  number  is  due  to  the  rising  of  the 
lake  after  the  building  of  the  dam  and  the  subse<iuent  cutting  down  of  the  trees 
whose  boles  had  become  submerged.  The  habit  of  laying  eggs  in  stumps  can  not 
be  of  much  more  than  fifty  years'  duration. 

The  time  of  laying  must  be  scattered  over  considerable  time,  for  many  eggs 
were  found  hatchetl  in  August,  while  some  obtained  about  then  hatched  at 
various  times  from  September  15  to  November  1.  These  were,  however,  kept  in 
a  box  in  a  room  and  therefore  removed  from  normal  conditions.  The  age  of  this, 
as  of  all  other  hard-shelled  turtles,  can  be  estimated  by  tlie  lines  of  growth  on 
the  horny  cuticle.  The  originally  exposed  part  of  the  plate  occupies  the  medio- 
cephalic  corner  of  the  plate  and  additions  occur  as  smooth  strips  along  the  outer 
and  posterior  margins.  The  strips  are  (juite  distinct  in  early  years,  but  )>ecome 
more  or  less  obscure  with  age. 

C/trif.<euiif.<  manfinata  Agassiz.  This  apj)ears  to  be  the  most  abundant  turtle  of 
the  lake.  How  far  its  apparent  abundance  may  be  due  to  its  habits  I  am  unable  to 
say.  It  is  found  floating  or  quietly  paddling  along,  its  head  out  of  the  water,  but 
on  nearer  approach  it  always  turns  tail  and  seeks  refuge  in  the  abundant  chara 
fields  or  in  other  hiding  places.     The  chara  fields  are  traversed  by  narrow  paths 
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and  tunnels  made  by  this  turtle.  The  eggs  are  laid  later  in  the  summer  and 
farther  from  the  water  than  those  of  the  other  species.  Many  were  leaving  the 
water  in  late  August;  the  eggs  were  found  but  once. 

Malaclemmt/s  geof;raphira  LeSueur.  Next  to  Chrysemys  the  most  abundant  of 
the  turtles.     It  goes  by  the  appropriate  name  of  Housetop. 

EmyH  blandimjii  Holbrook.  Found  in  moderate  numbers  in  the  lake  and 
along  the  banks  of  Turkey  Creek. 

Cleminys  guttata  Schneider.     But  two  specimens  were  seen. 

dstudo  Carolina  LinnK'us.  One  specimen  of  this  species  was  taken.  It,  how- 
ever, in  no  sense  forms  a  part  of  the  fauna  of  the  lake. 


Water  Birds  of  Turkey  Lake.     By  F.  M.  Chamberlain. 

The  following  birds  were  taken  between  July  1  and  September  1,  on  or  near 
Turkey  Lake.     Only  those  of  more  or  less  aquatic  habits  are  listed : 

1.  Hitdrochelxdon  nigra  L. 

2.  Botannu^  laiiiginosus  Montaga. 

3.  Botaurns  exilis  Gmelin. 

4.  A  idea  vircMcna  L. 

5.  Rallns  eUgana  Audubon. 

6.  Rtdlns  virginianus  L. 

7.  Gallinufa  galeata  Lichtenstein. 

8.  Fulica  aniericana  Gmelin. 

9.  Actitis  macularia  L. 
10.  Aegilites  vocifera  L. 
n.  Ceryle  alcycm  L. 

12.  Agelains  phoenicus  L. 

13.  Clii'icoia  riparia  L. 

14.  Cistothorus  p(dH8(ria  Wilson. 


265 


PART  III— VARIATION. 

The  Study  of  Variation.*    By  C.  H.  Eigenmann. 

Variation  and  Its  Importance.  No  two  individuals  are  exactly  alike.  The 
differences  of  whatever  sort,  whether  in  structure  or  habit,  between  the  individ- 
uals of  a  species,  whether  these  individuals  are  related  to  each  other  as  parent 
and  child,  or  belong  to  the  same  brood,  are  termed  variation. 

The  whole  basis  of  the  Darwinian  idea  of  evolution  is  this  individual  vari- 
ation. At  present  we  have  two  estimates  of  the  importance  of  individual  vari- 
ation. 

I.  The  individual  variations  are  of  the  utmost  im]»ortance,  and  all  species 
are  the  result  of  natural  selection  working  on  the  varying  individuals  of  any 
species. 

II.  Individual  '' variation  offers  us  little  hope  of  learning  the  real  facts  of 
evolution,"  "species  are  not  the  result  of  the  selection  of  a  few  favorable  vari- 
ations out  of  a  large  number  of  haphazard  changes,"  but  to  "the  orderly  ad- 
vance (of  the  mean  specific  form)  towards  the  final  goal,  deviating  very  little 
from  the  direct  line."t 

We  subscribe  to  neither  of  these  views,  wishing  to  view  the  facts  as  thev  are 
presented  by  the  conditions  of  the  environment  at  Turkey  Lake  and  the  lakes  in 
the  neighborhood,  in  a  ))erfectly  impartial  way. 

The  causes  of  variation  are  still  unknown,  though  several  explanations  have 
been  attempted.  This  is  not  surprising  since  the  variations  in  no  sf>ecies  are 
sufficiently  known  to  formulate  any  satisfactory  explanation,  in  fact  little  has 
been  attempted  but  to  determine  the  extent  of  variation  in  comparatively  few 
cases  where  the  variation  is  great,  resulting  in  the  naming  ot  new  varieties  and  in 
the  recording  of  abnormalities.  The  statistical  method  of  studying  variation  is  of 
the  most  recent  date,  but  much  promises  to  be  done  with  this  method. 

Distribution  of  Variations.  Variations  are  to  be  found  at  all  times  and 
at  all  places  where  organisms  exist.  They  are  found  under  conditions  where  the 
environment  is  in  a  state  of  stability.  The  conditions  under  which  the  greatest 
variability  is  found  (in  fishes)  are: 

1.  Wide  distribution.  \  large  territory  is,  usually,  though  not  necessarily, 
inhabited  bv  more  or  less  stable  varieties. 


'^Contributions  from  the  Zoiilogical  Laboratory  of  the  Indiana  Unirereity,  No.  17. 

tXhis  wording  is  from  Scott,  but  since  the  paraflrrapbs  are  selected  from  isolated  parts 
of  his  paper,  I  do  not  wish  to  convey  the  idea  that  they  state  his  views  as  he  would  like  to 
hare  them  stated.    The  paragraphs  state  an  extreme  view. 
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2.  (treat  physical  an<l  climatic  differences,  even  in  comparatively  narrow 
limits.  No  more  striking  illustration  can  he  imagined  than  is  offered  by  the 
streams  of  the  Pacific  slope  of  N<>rth  America,  which  are  inhabited  by  extraord- 
inary variable  S))ecic8,  without  stable  varieties 

3.  Amphimyxis  has  been  suggested  by  Ayres  as  a  condition  favoring  the 
display  of  great  variation. 

These  are  simply  statements  under  which  variation  seems  to  find  its  optimum 
condition  and  do  not  apjjroach  any  explanation  of  its  causes. 

Classifications  of  Variationj*. — Students  of  variation  have  found  it  ad- 
vantageous to  analyze  the  phenomena,  and  the  result  (►f  this  analysis  has  given  us 
the  following  clashifications : 

Cvntinwnijt  rarmtintij  including  all  gradual  nioditications  and  transitions. 

hifamtlnnniiA  variutmn  ;  any  sudden  and  wide  modifications  or  saltations. 

Using  other  features  as  the  basis  of  classification,  we  have  : 

Merlffir  varintinHs  <lt>aling  with  the  change  in  the  number  t>f  successive  parts. 

Snhittanfafire  dealing  with  the  chemical  moditications  of  parts. 

Another  classification  gives  us: 

JmhterminaU\  or  fortuitous  antl  aimless  variatiiui.  This  is  largely  individual 
and  pertains  to  series  of  variations  either  geographically  or  geologically. 

Ihtrrmi/mfe  and  adaptive,  leading  to  definite  end. 

The  most  essential  an<l  at  the  same  time  the  most  difficult  to  define  is  the 
distinction  between — 

Ontofftnefir  variation  including  all  thos»e  deviations  ap{>earing  at  anv  time, 
from  any  causi*,  during  the  life  cyele  of  an  individual; 

Ph If Inif luetic  variations  change  from  the  8f>ecitic  characters  appearing  at  some 
time  in  the  life  cyele  of  an  individual,  or  better  still,  a  large  number  of  indi- 
viduals, reappearing  in  the  next  generation,  finally  iK'Coming  hereditarily  fixed. 

I  have  in  the  following  directions  omitted  the  use  of  the  terius  ontogenetic 
and  phylogeneii<\  Kecently  (Osborn,  181*4  ,  the  distinction  between  ontogenetic 
and  phylogeneiic  variati<m  in  the  study  of  evolution  has  been  strenuously  insisted 
upon  as  the  only  possible  way  of  determining  the  value  of  any  given  variation  in 
the  process  <»f  evolution.  However,  it  is  certainly  impossible  in  many  ca.ses  to 
determine  whether  a  given  variation  is  ontogenetic  or  phylogenetic  as  defined  by 
Osborn.  To  give  a  concrete  case.  The  ancon  sheep  of  evolutionary  classics  waa 
bom  with  short  legs.  Were  they  ontogenetic  or  phylogenetic?  Subsequent  events 
proved  that  they  were  phylogenetic,  but  certainly  the  short  legs  in  themselves 
enabled  no  one  to  make  the  distinction;  the  hereditary  transmission  decided  the 
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matter.     Sports,  therefore,  of  which  the  ancon  slieep  was  certainly  one,  may  be 
phylogenetic.     Scott,  however,  has  recently  shown,  Am.  J.  Science,  361),  1894,  that 
many  if  not  most  saltatory  variations  are  of  an  entirely  difl'erent  nature  from  the 
varialions  that  in  the  past  have  given  rise  to  phylogenetic  series.     In  a  deviation 
much  less  marked,  such  for  instance  as  the  presence  of  one  more  than  the  normal 
number  of  spines  in  a  tin,  this  ultimate  criterion  of  transmission    might  fail  us 
even   were  it   practicable  to   put   it  to   the  test.     A   surer  way  of   determining 
phylogenetic  variation  is  to  measure  variation  in  the  bulk  by  means  of  curves. 
If,  say  one  thousand  individuals  of  a  definite  time  and  place,  show  in  the  aggre- 
gate a  c'luiracter  different  from  that  normal  to  the  species,  it  is  phylogenetic.    Such 
varialions  may  occur  in  successive  years  or  at  isolated  places.     The  phylogenetic 
character  is  in  such  a  case  really  made  up  of  a  large  number  of  ontogenetic  vari- 
ations which  must  also  be  capable  of   reappearing;   that  is,  they  must   also  be 
phylogenetic.     A  better  way  of  stating  the  problem  would  seem  to  me  to  be  that? 
All  variations  are  ontogenetic,  some  are  at  the  same  time  immediately  phylo- 
genetic and  many  if  not  all  may  l^ecome  so— a  phyletic  series.     This  leaves  open 
the  question  of  the  conditions  under  which  ontogenetic  variation  becomes  phylo- 
genetic and  ignores  the  unchanged  germj)lasm  theory  which  from  purely  embryo- 
logi(>al  grounds  is  untenable. 

The  paragraphs  pertaining  to  this  subject  in  the  following  direction  are  :  7. 
8,  l.S,  15.  16. 

Nearly  synonymous  terms  with  ontogenetic  and  phylogenetic  are  the  terms 
variation  and  mutation  as  used  by  Newmayr,  Waagen.  and  Scott.  Variati<m  is 
here  applied  to  locally  diii'erent  forms,  while  mutation  is  applied  to  the  chronolog- 
ical changes  or  ''steady  advance  (of  the  mean)  along  certain  definite  lines  "  The 
latter  term  may  for  our  purpose  be  still  further  restricted  by  aj)plying  it  not  only 
to  the  changes  of  the  mean  in  successive  geologic  periods,  but  to  the  changes  in  the 
mean  which  mav  occur  in  two  successive  vears  or  broods. 

To  quote  Newmayr,  pp.  60-61  (from  Scott,  p.  872),  ''Weil  ein  Theil  der  Merk- 
male  gleichmassig  nach  einer  Richtung  im  Laufe  der  Zeit  mutirt,  zeigen  andere 
('haractere  regeUose  Abiinderungen  und  jede  >rutation  entwickelt  denselben 
Varietiltenkreis."  Scott  illustrates  this  process  by  comparing  the  mutation  to  the 
progress  of  a  cyclone  center  and  the  continual  circlet  of  variations  to  the  circu- 
lating winds. 
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DETAILED   DIRECTIONS  FOR  COLLECTING   AND  8TI' DYING   SPECIMENS. 


The  following  direi'tions  anil  explanations  have  been  prepared  for  the  students 
at  tlie  Biological  Station  for  the  study  of  the  variation  of  the  inhabitants  of  lakes 
Turkey  and  Tippecanoe  and  the  small  lakelets  in  the  neighborhood. 

1.  Odlect  at  random  all  available  specimens,  to  the  number  of  several  hun- 
dred, the  last  week  in  June,  in  both  Turkey  and  Tippecanoe  lakes,  keeping  the 
exact  location  where  each  lot  of  specimens  was  collected. 

It  is  necessary  to  collect  at  random  or  the  personal  element  of  the  collector 
may  become  a  disturbing  factor  in  determining  the  variation.  The  date,  which 
is  not  necessarily  fixed  for  any  ])articular  week,  has  been  selected  because  at  this 
time  many  very  young  specimens,  but  a  few  weeks  ohl,  can  be  secured.  It  is 
necessary  to  collect  in  I)oth  lakes  at  approximately  the  same  date  in  order  to  se- 
cure corresponding  ages. 

2.  Collect  in  the  same  manner  and  an  e<|ual  number  of  specimens  in  each 
lake  near  the  end  of  .\ugu!»t. 

From  this  secc»nd  collection  the  rate  of  gn»wth  and  any  elimination  taking 
place  early  in  life  may  be  determined. 

3.  Arrange  the  material  of  each  date  according  to  the  size,  to  determine 
whether  the  broods  of  su(.'ces»ive  years  can  be  separated. 

If  specimens  have  been  collecletl  at  random  and  include  all  sizes  this  can 
usually  l)e  done  for  the  preceding  few  years.  Among  the  older  individuals  the 
gradation  in  size  is  usually  too  perfect  to  permit  any  grouping  according  to  age. 

4.  Determine  the  variation  in  two  or  mon»  prominent  characters  in  each 
brnod  of  specimens,  keeping  the  record  and  labeling  the  specimens  in  such  a  way 
that  the  s|>ecimen  for  any  record  can  at  any  time  be  re-examined.  Determine  at 
the  same  time  the  sex. 

This  is  by  far  the  m-st  laborious  and  time  killing  o{>eration,  but  absolutely 
essential  to  determine  anything  further.  The  characters  measured  in  fishes  can 
always  be  the  number  of  rays  in  the  dorsal  and  anal  fins,  and  the  number  of  sciales 
in  the  lateral  line.  Other  characters  will  vary  with  the  s|)ecies,  as  one  species  has 
one,  another  a  difierent  character  that  lends  iUelf  t»sp*cially  to  the  htudy  of  varia- 
tion. In  reptiles  deviations  in  the  numlwr  and  characters  of  plates  are  available 
characters  for  the  study  of  variation.  Of  course  any  character  can  be  taken,  but 
one  in  which  the  variation  can  be  numerically  expressed  and  the  number  be  deter- 
mined by  a  simple  count  instead  of  a  measurement,  is  vastly  superior,  since 
nothing  can  be  left  to  the  judgment,  and  the  |>ersonal  element  is  therefore  much 
less  im]M>rtant. 
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5.  Are  there  external  sexual  differences,  and  is  the  amount  and  extent  of 
variation  different  in  the  sexes? 

This  determination  can  usually  be  left  till  later;  it  is  introduced  here  so  as 
not  to  mar  the  sequence  of  the  following  points. 

6.  Is  there  a  successive  modification  in  going  from  jounger  to  older  speci- 
mens indicating  a  structural  modification  with  age? 

It  may  be  possible  with  some  species,  for  instance,  that  the  number  of  rays 
increases  directly  with  the  age.  Should  such  a  case  exist  it  might  give  rise  to 
entirely  erroneous  notions  as  to  the  influence  or  effect  of  selective  destruction. 

7.  Is  the  variation  of  each  year  grouped  about  a  mean  common  to  all  the 
specimens,  or  is  each  year's  variation  grouped  about  a  center  of  its  own? 

While  the  idea  of  the  annual  variation  or  the  reaction  of  each  brood  to  a 
slightly  varying  environment  was  supposed  to  be  a  possible  element,  and  suggested 
as  such  in  my  first  announcement  of  the  station,.!  was  entirely  unprepared  for  the 
startling  annual  variation  in  such  a  prominent  character  as  the  number  of  dorsal 
spines  which  has  been  discovered  by  Mr.  Moenkhaus  and  reported  upon  in  another 
paper. 

The  neglect  of  the  consideration  of  the  environment  during  the  early  period 
of  development  in  modifying  successive  broods  in  different  ways  may  lead  to  en- 
tirely erroneous  ideas  of  the  structural  modifications  of  growth  on  the  one  hand, 
or  the  entirely  erroneous  ideas  of  the  action  of  selective  destruction  on  the  other. 
To  determine  the  latter  it  is  absolutely  necessary  to  take  individuals  of  the  same 
year's  broods  at  successive  periods  or  successive  years.  Whether  as  great  an  annual 
fluctuation  is  present  in  crabs  as  has  been  observed  in  Etheostoma  I  can  not  pre- 
sume to  say.  But  the  entire  neglect  of  this  element  vitiates  the  results  of  Prof. 
Weldon,  of  the  committee  of  the  royal  society  for  "Conducting  statistical  in- 
quiries into  the  measurable  characteristics  of  plants  and  animals,"  which  Mr. 
Thistelton-Dyer  (Nature,  Mch.,  1895»  considers  to  be  ''among  the  most  remarkable 
achievements  in  connection  with  the  theory  of  evolution." 

I  quote  from  Prof.  W^eldon  to  show  his  methods  and  results.  (Nature,  Mch. 
7,  1895,  p.  449.)  "In  order  to  estimate  the  effect  of  small  variations  upon  the 
chance  of  survival,  in  a  given  species,  it  is  necessary  to  measure,  Jir.^t,  the  percent- 
age of  young  animals  exhibiting  this  variation  ;  »econdlyy  the  percentage  of  adults 
in  which  it  is  present.  If  the  percentage  of  adults  exhibiting  the  variation  b 
less  than  the  percentage  of  young,  then  a  certain  percentage  of  young  animals  has 
either  lost  the  character  during  growth,  or  has  been  destroyed.  The  law  of  growth 
having  been  ascertained,  the  rate  of  destruction  may  be  measured,  and  in  this 
way  an  estimate  of  the  advantage  or  disadvantage  of  a  variation  may  he  obtained. 
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In  order  to  estimate  the  effect  of  deviations  of  one  organ  upon  the  rest  of  the  body, 
it  is  necessary  to  measure  the  average  character  of  the  rest  of  the  body  in  indi- 
viduals with  varying  magnitude  of  the  given  organ." 

Conclusi(His  reached  by  an  application  of  these  principles  to  a  study  of  the 
shore  crab  gave  as  a  result  that — a.  There  is  a  jieriod  of  growth  during  which 
the  frequency  of  deviations  increases,  h.  That  in  one  case  the  preliminary  in- 
crease is  followed  by  a  decrease  in  the  frequency  of  given  magnitude,  in  the  other 
case  it  was  not.  r.  Assuming  a  particular  law  of  growth  the  observations  show 
a  selective  destruction  in  the  one  case  and  not  in  the  other. 

8.  What  is  the  relation  of  the  annual  fluctuation  (mutation)  in  variation  Ut 
the  annual  fluctuation  in  the  different  elements  of  the  environments? 

'.).  What  is  the  difference  in  the  variation  of  the  youngest  brood  early  in  the 
season  and  late  in  the  season,  and  what  is  the  difference  in  the  variation  in  suc- 
ceeding years  of  the  same  brood?  Is  this  difference,  if  any  exists,  due  to  modi- 
fications with  age  or  to  selective  destruction,  /.  »'.,  has  a  larger  percentage  of 
individuals  with  one  characteristic  been  eliminated  than  of  individuals  with 
this  characteristic  slightly  different?  In  what  part  of  the  curve  of  variation 
have  the  greatest  changes  been  produced  ? 

10.  If  certain  individuals  with  definite  characters  seem  to  survive,  can  it 
be  det€rmine<l  in  what  way  this  variation  l)rings  about  the  survival? 

11.  At  what  age  or  stage  of  growth  are  variations  greatest? 

12.  Can  variations  arising  with  age  be  referred  to  habits  or  environment? 
18.     What  is  the  relation  of  sports  or  saltatory  variations  to  the  continuous 

variation  numericallv? 

Bv  saltatorv  variations  are  meant  all  those  variations  not  connectetl  with  the 
mean  by  intermediate  ste}>s. 

14.  Are  saltatory  <*haracters  always  bilateral?  If  not,  to  what  degree  are 
Ihev  bilateral? 

The  fact  that  a  saltatory  variation  is  confined  to  one  side  or  is  found  on  both 
sides,  may  enaV)le  us  to  determine  whether  the  deviation  began  in  the  germ  before 
the  appearance  of  bilaterality  or  is  of  later  origin. 

15.  In  how  far  is  the  repetition  of  a  character  due  to  the  repetition  of  the 
environment  as  shown  in  the  correlation  of  annual  fluctuations  in  environment 
with  annual  variations?    See  under  S. 

Whitman  Biological  Lectures,  1804,  j».  4:  **An  epidemic  of  metaphysical 
j)hvsics  seems  to  be  in  progress— a  sort  of  neit-epii/enrxi.'*.  In  place  of  the  m 
es<8ent{aiv<  of  the  old  epigenesis,  the  new  epigenesis  sets  up  as  its  fetich  the  pm 
wipreMa.     The  new  god  is  preferred  because  it  works  from  the  outside  insteail  of 
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the  inside.  It  represents  the  8um  of  external  conditions  und  intiuences  at  the 
present  moment,  and  is  proclaimed  all-sufficient  for  building  up  organisms  out 
of  isotropic  corpuscles.  Previous  conditions  are  not,  indeed,  (juite  ignored,  for 
they  have  resulted  in  special  molecular  constitutions  called  germs,  and  these  dis- 
play molecular  activities  known  as  metabolism,  growth  and  division.  The  long 
past  ('an  bring  forth  only  a  molecular  basis;  a  few  hours  of  the  present  can  sup- 
ply all,  or  nearly  all,  the  determinations  of  the  most  complex  organism.  Im- 
potent past;  prepotent  present.  We  have  no  longer  any  use  for  the  'Ahnengal- 
lerie'  of  phylogeny.  Heredity  does  not  explain  itself  or  anything  else,  and  it 
detracts  from  the  omnipotence  and  universality  of  molecular  epigenetics.  We 
are  no  better  off  for  knowing  that  we  have  eyes  because  our  ancestors  had  eyes. 
If  our  eyes  resemble  theirs  it  is  not  on  account  of  geneological  connection,  but 
because  the  molecular  geruiinal  basis  is  develoi>ed  under  similar  conditions. 
The  reason  this  basis  becomes  an  eye  rather  than  an  ear  or  some  other  organ  is 
wholly  due  to  its  position  and  surroundings,  not  to  any  inherent  predetermina- 
ti<)ns.  If  the  material  for  the  eye  and  the  ear  could  be  interchanged  in  the 
molecular  germ,  that  which  in  one  place  would  become  eye  would  in  the  other 
place  become  ear,  and  r»>*'  irrm." 

16.  In  what  characters  does  the  same  si)ecie8  in  the  neighboring  lakes  diflfer,. 
and  in  what  respects  does  the  variation  differ  in  the  different  lakes? 

17.  Are  variaticms  in  one  part  of  the  body  correlated  with  variations  in 
another  part  of  the  body? 

In  many  cases  this  can  (mly  be  determined  by  converting  the  variations  in 
part  into  the  terms  of  the  variation  of  another  part.  The  method  for  doing  this 
has  l)een  suggested  by  (ialton,  whose  method  is  discussed  at  the  end  of  this  paper. 

18.  What  correlation  is  there  in  the  variation  of  different  species  under  the 
same  environment? 

As  far  as  I  am  aware,  no  systematic  studies  of  this  description  have  been 
made.  With  us  this  study  resolves  itself  into  the  determination  of  whether  the 
tishes  in  Turkey  Lake  all  differ  from  those  in  Tippecanoe  along  definite,  deter- 
mined ways,  so  that  given  the  characters  of  a  species  for  Turkey  Lake  the  charac- 
ters for  the  same  si>ecie8  in  Tippecanoe  could  be  predicted. 

Similar  but  exotic  instances  are  the  absence  of  ventral  tins  in  some  of  the 
tishes  inhabiting  even  widely  se]>arated  mountain  lakes,  and  the  presence  of  en- 
larged scales  abmg  the  base  of  the  anal  in  the  Cyprinid:e  inhabiting  mountain 
streams  <»f  India;  or,  to  come  nearer  home,  the  peculiar  color  patterns  of  the 
tishes  in  some  regions  of  upper  Georgia. 
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Method  of  Presenting  Results.  Results  of  statistical  inquiries  into  vari- 
ation can  best  be  presented  by  frequency  of  error  curves,  and  these  will  be  iwed 
wherever  possible.  The  abscissa  will  in  all  cases  be  made  to  represent  the  size  of 
the  organ,  the  ordinate  the  percentum  of  individuals  having  the  particular  size. 

To  convert  variations  in  one  organ  into  the  terms  of  another  organ  thest'heme 
of  distribution  will  })e  used  with  the  formula  given  by  Galton  for  comparing  one 

such  curve  with  another.     The  process  of  comparing  any  curve  **a"with  any 

Q  of  "a" 
curve  '*b,"  multiplv  each  of  "a's"  height  bv  7^ — .  ,,,  ,, 

I  .  *        •    Q  of  **b" 

The  (.}  of  any  scheme  of  distribution  is  one-half  the  difterence  between  any  two 
grades.  The  same  grades  in  the  two  curvesto  be  compared  being  used  to  determine 
their  Q  for  this  purpose,  25  per  cent,  and  75  per  cent,  are  suggested  as  most  con- 
venient l»v  Galton. 

Ideally  the  variations  occurring  in  a  single  organ  expressed  by  a  fre^juency 
of  error  curve,  when  a  large  number  of  individuals  have  been  examined,  will 
form  a  symmetrical  curve  which  is  called  a  "normal."  Such  a  curve  may  always 
be  expected  when  the  material  under  consideration  is  of  a  single  origin  and  has 
develoj)ed  under  the  same  environment.  Unfortunately  for  non-mathematical 
evolutionists,  the  converse  does  not  seem  to  be  the  case,  for  a  symmetric  curve 
may  be  made  up  of  two  symmetric  curves  with  axes  not  far  apart,  a  fact  that  can 
only  be  determined  mathematically.  Says  Pearson,  '*There  will  always  be  the 
problem:  Is  the  material  homogeneous  and  a  true  evolution  going  on,  or  is  the 
material  a  mixture?  To  throw  the  solution  on  the  eye  in  examining  the  graph- 
ical results  is,  I  feel  certain,  quite  futile.'* 

It  is  not  hoped  that  the  data  can  be  treated  with  the  mathematical  refine- 
ment suggested  by  Pearson,  nor  is  it  probable  that  such  treatment  of  our  material 
will  become  absolutely  necessary,  since  there  can  Ik*  but  little  ({uestion  of  the 
unity  of  origin  of  the  material  in  any  given  small  lake. 

While  usually,  as  stated  above,  the  curve  resulting  from  the  study  of  a  large 
number  of  specimens  will  be  symmetric,  it  will  frequently  Imi  asymmetric.  Sam- 
ples of  the  different  sort  of  curves  actually  observed  are  given. 

Asvmmetric  curves  mav  be  the  result, 

ft  • 

1.  Of  the  selective  iulluence  working  on  one  side  of  a  symmetric  curve  and 
be  then  found  in  more  or  less  mature  specimens. 

2.  Of  the  reaction  to  a  change  in  the  environment  and  indicative  of  a  muta- 
tion or  change  in  the  mean  sjie<'itic  form. 

3.  Of  the  double  origin  of  the  material  under  consideration,  and  may  then 
have  a  great  variety  of  forms,  from  slightly  asymmetric  curve  to  one  with  a  broad 
top  or  with  many  peaks. 
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VARIATION  OF  NORTH  AMERICAN  FISHES.     II. 

The   Variation  of   Etheostoma   Caprodes  RAFiNBuiUE  in   Turkey   Lake 
AND  Tippecanoe  Lake."*     By  W.  J.  Moenkhaus. 

Introduction. — In  a  former  paper  on  the  **  Variation  of  Ktheoaloma  caprodes 
Rafinesque"  (Am.  Nat.,  Aug.,  1894),  I  determined  the  geographical  distribution 
of  this  fish  and  the  geographical  variation  of  its  color-pattern  and  fins. 

It  was  found  that  this  species  inhabits  practically  all  the  fresh  waters  of  the 
Atlantic  slope  east  of  the  100th  meridian  and  west  of  the  Alleghany  Mountains. 
Its  northern  and  eastern  limits  are  the  Great  Lakes  and  Lake  Champlain;  its 
southwestern,  the  Rio  Grande  in  the  extreme  southern  part  of  Texas. 

The  following  conclusions  were  reached  among  others: 

1.  Each  river  system  from  which  specimens  were  examined  possesses  a  pe- 
culiar variety.     This  peculiarity  is  most  striking  in  the  color-pattern. 

2.  All  the  variations  are  continuous. 
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'$.  The  variation  in  the  anal  ravBand  dorsal  spinen  are  determinate  with  the 
latitude,  tho  southern  specimens  having  a  slightly  larger  number  of  rays  and 
spines. 

4.  The  color-pattern  variations  are  determinate,  varying  through  definite 
stages  from  a  simple  to  more  complex  pattern. 

In  Table  A  and  B  are  given  the  data  on  the  anal  rays  and  dorsal  spines. 
The  localities  are  arranged  in  the  order  of  their  latitude  from  north  to  south. 
From  these  we  see  that  there  is  both  an  increase  in  the  average  number  of  rays 
and  spines  and  in  the  number  tiiat  prevails  in  each  case  from  north  to  south.  In 
the  anal  tin  10  is  the  prevailing  number  north,  and  11  and  12  south,  of  the  Ohio 
River.  Fourteen  and  Hfteen  are  the  prevailing  numlnT  of  dorsal  spines  in  the 
north  and  15,  ]('»  and  17  in  the  south. 

TABLE  A. 


LOCALITY. 


e  Ji     'T 


Torch  Lake,  M  ich 

Cedar  Kapids,   Iowa 

White  River,  at  Indianapolis 

Gosport.  Ind  

Bean  Blossom,  Ind 

Rushville,  Ind 

Wild  Cat  Creek,  In<l 

Pike  Creek,  Ind 

Illinois 

Nipisink  Lake,  111 

Monougahela  River 

Hartford,  Ky 

Green  River,  (ireensburg,  Ky 

Little  Barren  River,  Osceola,  Kv 

Little  South  Fork  Cumberland  lliver,  Wayne 

Countv,  Kv 

Eagle  Creek,  Olympus,  Tenn 

Obeys  River,  Elizabethtown,  Tenn 

Watauga  River,  Elizabethtown,  Tenn 

North  Fork  Holston  River,  Saltville,  Va 

Eureka  Sjirings,  Ark 

Chocola  C'reek,  Oxford,  Ala  

San  Marcos  Springs,  Tex 


i 
1 
1 
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17 
1 
1 

1 

?     ■ 
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1 
•) 

2 
1 
1 
4 
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101 
12' 
10 
10 
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10 

11 
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10 

lO/l 

in" 

lOi 
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11 

11 
11 
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12 


lU 

11 
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8 
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1 
1 
1 

:i 


1 
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3 
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1     i 
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1 

5     I 
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it  liifi'zi- 

i.5  !*-l-r-^- 


H 


Torch  Liik«.  Midi 

Cedllr  Itup»i»,  Uiva 

Whili^  Kiver,  h(  Iiiiliniiii|>iili!i 

iiusimrt,  Iiicl 

Bean  Bloss.uii.  liid 

RuBhTille,  Inil 

Wildcat  I  reek,  Im! 

Piket'reck,  liul  

Illin..is  

Niiiinsik  Lnkr,  111 

Miiniingiihelii  RivM - 

HartfoH,  Ky 

Green  Hivur,  Gretnuburj,',  Kv 

T.ittli-  Kiirreii  Hivec,  Dsceoln,  Kt 

Littli'  South  ForkCiinilierlnnd  Ktvcr,  Wayne 

County,  Ky  

Ettgli'  Crock,  (livmpiifi.  Tenn   

ObeyB  Uiver,  Elizalicthloini.  Trnn 

■WaiaiiBiL  River,  Kliiialielhtoirii,  Tenn   .. 
Norili  Fork  Holateii  Rivi-r.  .Snllvlllc,  Vb 

Gurekn  Springy,  Ark 

Clioiiilii  Creek,  di/nni.  Aln 

^(an  MarciM  l$]iriTig)i.  Tex 


1(1.-, 


Tli«  color- pa Itern  varieH  (ruui  a  probably  |>ti]tii(ive,  siuiple  pattern  oonHuUng 
of  iilteriiattt  whole  and  half  cro*ui-bars  distributed  along  the  entire  length  of  the 
body  through  the  pattern  coiu)isliug  of  vbole,  half  and  ijuarter  bars,  having  au 
iuconiplcte  longitudinal  seriex  of  lateral  spots  to  a  pattern  having  a  very  promi- 
nent liingitudliial  w-rleM<if  dark  lateral  blotches  with  line  reticulations  un  the  back. 
Betireen  tliese  ilifTereiit  patterns  all  stages  exist,  so  that  they  can  lie  connected  by 
regular  stejis.  Tlinse  specimens  inhabiting  the  lake*  were  found  to  possess  a  pecu- 
liar col  or- pa  I  tern.  This  was  derived  from  the  primitive,  simple  patlem  by  sup- 
posing the  lower  part  of  the  whole  bars  to  have  become  much  brukder  tbftn  the 
upiier  part,  and  then  to  have  Hhifted  backwards  slightly. 
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This  lake  variety  {nianiiouy  Jordan)  is  one  of  the  most  abundant  of  the  fishes 
in  Turkey  and  Tippecanoe  Lakes,  and  upon  it  the  results  given  in  the  following 
pages  are  based. 

Six  hundred  specimens,  all  that  were  collected  from  Turkey  Lake,  and  three 
hundred  of  those  collected  from  Tippecanoe  Lake,  have  been  examined  with  a 
view,  first,  of  making  a  comparison  of  this  species  in  the  two  lakes,  and  second, 
of  determining  the  range  and  character  of  its  variation  within  Turkey  Lake  itself. 
The  number  of  species  collected  from  Tippecanoe  Lake  is  much  greater  than  300, 
but  this  number  was  thought  sufficient  to  give  fairly  good  results.  The  effect  of 
natural  selection  will  be  taken  up  at  a  later  time. 

Etheostoma  caproiles  has  two  dorsal  fins,  the  first,  a  spinous  one,  well  separated 
from  the  second,  which  is  composed  of  soft  rays.  The  anal  fio  is  composed  of  two 
rather  strong  spines  followed  by  a  number  of  soft  rays.  The  scales  are  very  reg- 
ularly arranged,  so  that  they  can  be  definitely  counted  along  the  complete  lateral 
lines.  The  number  of  spines  and  rays  in  these  fins,  and  the  number  of  scales  in 
the  lateral  line  of  both  sides  of  the  body  have  been  determined.  Besides  these 
charactei*s  the  presence  or  absence  of  scales  on  the  nape  has  been  determined. 
These  structures  have  been  taken  because,  with  the  exception  of  the  last,  they 
present  definite,  countable  elements,  so  that  in  the  results  the  personal  factor  is 
entirely  eliminated. 

Curves  have  been  constructed  to  represent  the  variation  in  these  structures. 
In  all  the  curves  the  horizontal  distances  represent  the  countable  elements,  and 
the  vertical  distances  the  per  cent,  of  specimens  possessing  these  varying  elements. 

COMPARISON  OF  TURKEY   LAKE   AND  TIPPECANOE  SPECIMENS. 

CoiX)RATiON. — The  coloration  of  these  fishes  in  the  two  lakes  will  be  taken  up 
in  detail  later.  The  color-pattern  of  Turkey  Lake  specimens  is,  on  the  whole,  of 
a  more  blotched  character  than  that  of  Tippecanoe  Lake  specimens,  and  shows  a 
slighter  affinity  to  the  simple,  primitive  coloration  characteristic  of  the  Wabash 
River  forms.  The  connection  of  Tippecanoe  Lake  with  the  Wabash  River  may 
account  for  this  greater  affinity. 

Squamation  of  Nape. — In  Turkey  Lake  the  nape  is  as  a  rule  naked,  while  ia 
Tippecanoe  Lake  it  is  usually  scaled.     Table  I  will  bring  out  the  difference. 


having  no  Bcakh  on  na|)e tJK.OO  J 

having  few  scales  on  na|>e S.OO 

having  fuveral  scales  on  nnp^ 4. CO  ' 

having  nape  lliinlv  scaleil 0.20  ] 

having  nape  elosely  scaleil 0.00  j 


Lateral  I.ini--— The  specimens  of  Tnrkey  Lake  have  on  an  avemge  two  mor« 
scales  in  ihe  luler^l  line.  The  average  number  for  Turkev  Lake  is  89.46  tor  the 
left  side,  R!».T4  for  the  right  side;  for  Tippecnnue  Lake,  H7.69  for  Ihe  left  side, 
87.45  for  the  right  side.  Fig.  1  represents  Ihe  curves  fur  the  scales  of  the  right 
side.  The  continuous  line  represent  the  conditions  in  Turkey  Lake,  and  the 
broken  line  thinse  of  Tipjiei-nnoe  Lake.  It  should  be  noticed  thai  the  entire  curve 
for  Tiirkev  Lake  U  two  units  to  the  right  of  that  of  Tippecanoe  Lake,  showing 
thai  practically  all  the  Turkey  Lake  specimens  have  a  greater  uumlier  of  scales. 
Table  II  contains  the  siininiary  of  the  counts  for  the  scales  In  the  lateral  line. 


TABLE  II. 
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Turkey  Lake. 

Tipp'cANOE  Lake 

Uft 
Side. 

Right 
Side. 

• 

Left 
Side. 

Right 
Side. 

Per  cent,  of  specimens  having    78  scales 

Per  cent,  of  snecimens  haviner    79  scales. . . . 

0.17 

1 

Per  cent,  of  specimens  having    80  scales 

Per  cent,  of  suecimens  haviner    81  scales. . . . 

0.17 

0.34 

0.34 

0.34 

1.55 

1.89 

5.17 

9.;i0 

10.68 

11.55 

14.82 

12.93 

11.03  = 

5.67 

3.62 

3.78 

3.27 

2.41 

0.51 

0.50 

1.00 

2.50 

7.00 

8.50 

11.50 

15.00 

15.00 

16.00 

11.50 

7.50 

1.50 

1.00 

0.50 

0.50 

0.50 

Per  cent,  of  specimens  having    82  scales 

Per  cent,  of  specimens  having    83  scales 

Per  cent,  of  specimens  having    84  scales. . . . 

Per  cent,  of  specimens  having    85  scales 

Per  cent,  of  specimens  having    86  scales 

Per  cent,  of  specimens  having    87  scales 

Per  cent,  of  specimens  having    88  scales 

Per  cent,  of  specimens  having    89  scales 

Per  cent,  of  specimens  having    90  scales 

Per  cent,  of  specimens  having    91  scales 

Per  cent,  of  specimens  having    92  scales 

Per  cent,  oi  specimens  having    93  scales 

Per  cent,  of  specimens  having    94  scales 

Per  cent,  of  specimens  having    95  scales 

Per  cent,  of  specimens  having   96  scales 

Per  cent,  of  specimens  having    97  scales 

Per  cent,  of  specimens  having    98  scales 

Per  cent,  of  specimens  having    99  scales. . . . 
Per  cent,  of  specimens  havinir  100  scales. . . . 

0.17 

1.37 

3.44 

3.78 

6.88 

11.02 

12.56 

17.72 

12.39 

8.08 

6.53 

5.16 

3.61 

2.58 

1.37 

1.03 

2.oa 

3.50 

4.50 

11.50 

13.00 

16.50 

13.50 

16.00 

10.50 

4.00 

1.50 

2.50 

0.50 

"  * "  0.5a 

0.17 

0.34 

0.34 

Per  cent,  of  specimens  having  101  scales. . . . 

Per  cent,  of  specimens  having  102  scales 

Per  cent,  of  specimens  having  103  scales. . . . 

0.17 
0.17 
0.17 

0.17 

Anal  fin. — The  number  of  spines  in  the  anal  6n  varies  from  the  normal  in 
only  nine  specimens  from  Turkey  Lake  and  in  six  from  Tippecanoe  Lake.  This 
variation  is  always  toward  a  lower  number,  and  extends  only  through  one  spine. 

Turkey  Lake  S])ecimens  have  on  an  average  fewer  rays  in  the  anal  than 
Tippecanoe  Lake  specimens.  The  averages  are  10.87  for  the  former,  11.15  for  the 
latter.  Fig.  2  represents  the  curves  for  the  anal  rays.  Here  again,  and  also  in 
the  succeeding  curves  for  the  comparison  of  tlie  two  lakes,  the  continuous  line 
represents  Turkey  Lake  and  the  broken  line  Tii)pecanoe  Lake.  Table  HI  gives- 
the  summarv  of  the  anal  ravs  for  both  lakes. 


284 


The  iirevailinK  niiniber  uf  rays  in  Ixilh  lakes  is  1 1 ;  63  per  cent.  frDOi  Turkey 
lake,  ami  66  per  cent,  from Tipiieonnoe  Lake  having  that  nnmher.  The  number 
of  rays  in  the  next  highest  j>er  eenl.  is  10  fur  Turkey  Lake  and  12  (i-r  Tippe- 
<?ani>e  Lake,  abnul  27  per  cent,  in  each  ease. 

The  range  oS  rarialion  is  two  greater  in  Turkey  Lake.  This  may  be  due  I 
the  greater  number  of  specimens  from  ihi!<  lake. 
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I.  of  >iieeimenf  hiii 

1.  of  Bpeeimeiis  having    y  anal  rays 1.48  0,77 

L.  of  specimens  having  10  anal  rayi^ M.SO  15.50 

1.  of  speriinens  liavinK  1 1  anal  ravs 53.43  56.21 

i.  of  speciruens  having  12  anal  raVs 14.13  27.13 

1.  uf  siwdniens  having  13  anal  rays 0.41t  0,a5 


IK>RSAL  SpiN'iisi. — Turkey  Lake  has  on  an  average  more  dorsal  spines,  the 
average  being  14.52  for  Turkey  Lake  and  14.23  for  Tippecanoe  Lakes.  Fig,  3 
represents  the  curvt-s  fi-r  (his  slructure.  Tlic  range  of  variatioD  in  the  same,  from 
12  to  17.     Allhtiugh  llie  average  number  of  spines  difTera  but  aligiilly  in  the  two 
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lakes,  the  [ireferencee  ehown  for  a  given  numl>er  of  spijiea  are  ijuile  difierent. 
In  the  Tippecanoe  Lake  Bpeoimen*  the  prefen'rpe  is  ilwidwily  for  14.  In  the 
Turkey  I.nke  specimens  the  preference  is  for  15,  sithiiugh  not  to  decided.  From 
Table  IV  and  the  curves,  it  will  be  seen  that  the  number  of  individuals  in  Tnr- 
her  Lake  having  14  spinea  and  15  spines  are  about  the  some,  41  (ler  cent,  having 
14  and  44  per  cent.,  15,  while  in  Tippecanoe  Lake  this  is  not  the  case,  GO  per 
«enl.  having  14,  and  onlj  25  per  cent,  having  15. 
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nt.  uf  specimens  having  12  dorsal  s]iines, 
n1.  of  specimeTis  having  13  dorsal  spines. 
Dl.  of  specimens  having  14  dorsal  spineH. 
nt.  of  specimenM  having  15  dorsal  spines, 
nt.  of  specimens  having  16  dorsal  spines. 
nt.  of  B[icoiniens  having  IT  dorsal  spines. 


I)oR.<iAL  Rays. — The  average  nnmber  of  dorsal  rajs  for  Turkey  Lake  is  14.87, 
(ur  Tippecanoe  Lake,  16.40,  the  latter  having  on  an  average  almost  two  more. 
Tbe  curves  arc  given  in  Pig.  4.  From  this  and  Table  V  it  will  l>e  seen  that  Tur- 
key Lake  specimens  show  a  decided  preference  for  15  rays,  while  the  Tii)peeanoe 
I>ake  specimens  shov  juM  »t  decided  a  preference  fur  16  rays,  52  pei'  cent,  of  the 


Bpeeimene  having  these  nnnibere  in  both  lakes.     The  range  of  v 

greater  id  Turkey  Lake,  from  12  to  ]8  as  corapared  from  14  lo  18  in  Tippecanoe 

Lake.     This  aKain  may  be  due  to  the  greater  ninuber  of  specimens. 
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I'l-r  eent.  of  epecim 
Per  cent,  of  speciiii 
Per  cent,  of  specitn 
Per  cent,  of  sjitTim 


Pel 

Per  c< 


IS  having  12  iloreal  ravs. 
lb  having  13  donal  rays. 
IS  having  14  ilnnial  rays. 
IS  liuving  lo  doFtasI  rays. 
Hi  HavinK  ll<  ilomnl  rayi«. 
IS  liaviiig  17  dorsal  nivK. 
IS  hiivin;;  IH  dorsal  rnys. 


Table  VI  presents  all  the  coiubinations  <.f  dorsal  sjjiiies  and  dorsal  rays  from 
both  lakes.  The  spines  are  represented  hy  Koman  niimliera  and  the  rays  by 
Arabic  numbers.  Tlie  i-imituone"!  coiiibinalion  in  Turkey  Lnke  is  XIV-15  and 
XV-I5;  XIV,  XV,  occnrring  must  frequently  iu  the  spinons  dorsal,  and  I&  must 
frei|uently  in  the  soft  dorsal.  The  per  cent,  of  sjiecimens  having  these  combina- 
tions is  22.4)1  and  24.4!<  res|>ecllvely.  In  Tippecanoe  Lake,  XIV-IO  is  the  com- 
mone«t  (.■oniliiiiadon,  XIV  lieint;  llie  prevailing  nuruWr  in  the  spinous  dorsal  and 
Ifi  in  the  soft  diirsaj.     ;i2.n  i*r  cent,  of  the  s|>eciiiiens  have  this  combination. 


TABLE  VI. 
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Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 


of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  Bi)ecimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  si)ecimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  si)eciinens 
of  specimens 
of  si)ecimens 


having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 
having  the 


combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
combination 
com])ination 
combination 
combination 
combination 
combination 
combination 


XII-14. 

XIl-15. 

XII-1(). 
XIII-14. 
XIII-15. 
XIIl-lG. 
XI1I-I7. 
XIV-12. 

xiv-i:^. 

XIV-14. 
XIV-15. 
XIV-16. 
XIV-17. 
XIV-18. 

XV-13. 

XV-14. 

XV-15. 

XV-16. 

XV-17. 

XV-18. 

XVI-12. 

XVI-13. 

XVI-14. 

XVI-15. 

XVI-K). 

XVI-17. 

XVII-14. 

XVI 1-15. 

XVII-IH 

XVIII-14. 


.r"c 
a  ^  Si 


0.10 
0.16 


0.84 
3.71 
0.67 


0.16 

1.01 

11.99 

22.46 

5.74 
0.38 


0.67 

13.51 

24.49 

5.40 
0.84 
0.16 
0.16 
0.16 
2.36 
3.04 
0.84 
0.33 
0.50 


0.37 
0.37 
2.22 
5.92 
2.59 


1.48 

20.37 

82.11 

1.11 

1.85 

8.14 

14.44 

1.48 


1.11 
0.37 


0.37 


0.16 
0.16 


In  Table  Vll  is  given  tlie  variation  in  the  two  dorsal  fins  taken  together.  The 
average  number  for  the  two  fins  is  29.21  for  Turkey  Lake  and  30  for  Tipi)ecanoe 
Lake.  In  Turkey  Lake  36.82  per  cent,  have  the  average  number;  in  Tippecanoe 
Lake,  4L><  per  cent.  The  range  of  variation  in  the  fins  separately  is  six  for  the 
sj)inous  dorsal  and  five  for  the  soft  <lorsal  in  Tippecanoe  Lake,  and  seven  in  each 
dorsal  fin  in  Turkey  Lake.  With  an  exception  in  the  spinous  dorsal  in  Tippecanoe 
Lake  the  range  of  variation  is,  in  each  case,  one  greater  for  the  two  fins  taken 
together,  than  for  the  fins  separately.  Although  the  extent  of  variation  is  only 
one  greater  lor  the  two  fins  together,  the  per  cent,  of  specimens  having  the  aver- 
age number  is  much  smaller  than  the  per  cent,  of  specimens  having  the  avtrago 
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Dumber  in  the  fins  separately.  In  Turkev  Lake  nearly  37  per  cent,  have  the 
average  number  of  the  fins  taken  together,  while  44  per  cent,  and  52  per  cent, 
have  the  average  number  in  the  spinous  and  soft  dorsal  respectively.  In  Tip|)e- 
canoe  Lake  41  per  cent,  have  the  average  number  for  both  fins,  while  52  per 
cent,  and  iM  per  cent,  have  the  average  number  in  the  spinous  and  soft  dorsals 
respectively. 

TAHLE  VIL 


B    if 
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I 

a  s  rt 


Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 
Per  cent. 


of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 
of  specimens 


having 
having 
having 
having 
having 
having 
having 
having 


2()  rays  in 

27  rays  in 

28  rays  in 
2y  rays  in 

30  rays  in 

31  rays  in 

32  ravs  in 

33  ravs  in 


the  dorsals 
the  dorsals 
the  dorsals 
the  dorsals 
the  dorsals 
the  dorsals 
the  dorsals 
the  dorsals 


0.37 

4.07 

28.1^ 

41.80 

22.22 

3.3a 


SUMMARY. 

1.  This  species  is  equally  abundant  in  the  two  lakes. 

2.  Tlie  color  ])attern  of  Tij)pecanoe  Lake  specimens  shows  a  greater  affinity 
for  the  primitive,  simple  Wabash  River  pattern  than  does  that  of  Turkey  Lake 
specimens. 

3.  In  Turkey  Lake  the  nape  is  usually  naked ;  in  Tippecanoe  Lake  the 
nape  is  usually  scaled. 

4.  Tippecanoe  Lake  specimens  have  a  smaller  number  of  scales  in  the  lat- 
eral line. 

5.  The^anal  spines  vary  but  little,  and  show  the  same  variation  in  the  two 
lakes. 

6.  The  anal  fin  is  somewhat  larger  in  the  Tippecanoe  Lake  specimens. 

7.  Turkey  Lake  specimens  have  one  more  dorsal  spine. 

8.  Tippecanoe  Lake  specimens  have  one  more  dorsal  ray,  16  rays  is  the 
mean  in  Tippecanoe  Lake  and  15  in  Turkey  Lake. 

\).  The  combinations  of  the  dorsal  spines  and  rays  are  deteruiiped  by  the 
numbers  that  prevail  in  the  fins  .separately. 


10.  The  range  of 
iximbiDeil  19  one  greater  than  the 

11.  The  number  occurring  i 
TippecHnoe  Lake. 

12.  The  preference  shown  for  a  given 
iJursnt  tins  taken  together  than  for  the  dorsal 


the  totfti  namber  of  dorsal  spinee  and  rays 

the  Una  Beparately. 
freciuentl^  is  2i>  in  Tiirke;  Lake  and  30  in 


iinber  is  lesti  decided  for  the 
I  a  taken  separatel}r. 


The 


n  all  CI 


Man;  of  the  facta  on  the  extent  and  character  of  the  variation  of  the  600 
Hpecimens  from  Turkey  Lake,  taken  as  a  whole,  have  been  given  In  the  pro- 
ceeding. 

The  lengths  of  the  6(j0  specimens  from  Turkey  Lake  were  measured  and  npon 
comparison  were  found  to  tall  into  three  qnite  distinct  groups.  Fig.  5  represents  . 
the  curve  tor  ali.  Each  of  the  smaller  horiionlal  distances  represents  one  mm. 
and  each  of  the  larger  verticle  distances  one  (ler  cent.  The  siies  ranged  from  27 
mm.  t<i  102  mm.  The  first  group  ranges  from  27  mm.  to  liO  mm.;  the  second  from 
tfO  mm.  to  HO  mm.,  and  the  third  from  79  mm.  to  I0»  mm.  The  three  curves  ot 
Fig.  5  represent  these  three  groups.  I  have  watched  the  growth  during  the  first 
summer,  and  know  the  first  curve  to  represent  the  first  summer's  fish.  The  second 
curve  in  all  probability  represents  the  second  year's  fish,  and  the  third  curve,  those 
three  years  old  and  over.  The  growth,  thus,  is  most  rapid  during  the  tirnt  sum- 
mer, the  rate  of  growth  decreasing  each  year  after.  The  lish  rerichea  practically 
il«  full  size  the  third  year,  though  the  more  gradual  slope  to  the  right  of  the  last 
curve  shows  that  it  does  not  ceaxe  growing  entirely. 
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Having  f(Toaped  them  into  three  definite  i^b,  a  suinmar;  of  the  charact«re 
for  each  hob  made,  and  curres  constructed.  F'lga.  6,  7,  8  and  ^  represent  the 
curves  for  these  characters.  In  all  the  carvea  constracted  for  these  ageti,  the  contin- 
uous line  is  for  the  third  year  specimens,  the  broken  line  for  the  second  year 
specimens  and  the  dotted  line  for  the  Brat  year  specimens. 

Lateral  Lihe.— Below  is  the  table  of  the  average  number  of  scales  in  the 
lateral  line  of  the  three  ageH. 

let  <iair.       2d  year.       3d  ytar. 

Right  side 87.84  M.RO  88.39 

r.eftside 88.00  89.80  88.78 

From  this  it  is  seen  that  the  first  and  third  year  specimens  are  most  nearly 
alilte.  The  second  year  specimens  have  about  two  scales  more.  By  reference  tu 
the  curves,  Fig.  <>,  and  Table  VIll  below,  it  will  be  seen  that  the  great  bulk 
.  of  the  speciuiens  of  all  Ihi-ee  ogee  have  from  H5  to  92  scales.  The  increased 
average  in  the  second  year  is  due  to  a  larger  pi'r  cent,  having  93,  94,  95  and  96 
scales  than  in  the  first  and  second  yearn. 
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Akal  FiN.—FiTe  ont'M  llli  tint  year  Bpccimena  haveoDi;  anal  spine;  fl  out 

of  236  of  Ihe  second  ;car.  and  3  out  of  24t)  of  the  oldest  specimena. 

The  Bvera^  number  of  anal  raj's  are  lO.oO  fur  the  first  year,  10.74  for  the 
second  jear  and  11.00  for  the  Ihird  year  apecjineni). 

The  curvex  in  Fi^.  T  and  Table  KX,  below,  sbnw  that  the  anal  tins  of  the  fint 
and  sei/cmd  year  B|)ccinien8  more  nearly  resemble  each  other.  All  three  ages  show 
a  preference  fur  11.00  rays.  The  per  cent,  of  specimenB  haring  this  number  are 
61.89,  52.53  and  61.60  for  the  first,  second  and  third  year  spedmens  nwpeftively. 
Thepcroenl.  of  speeimuDB  having  10  raya  is  reduced  from  36.43  in  the  first  year  to 
2<>.57  in  the  third  year,  and  the  per  cent,  of  those  having  12  rays  is  increaaed 
frum  -10!)  in  the  first  year  lo  20.16  in  the  third  year.  There  is  a  very  evident  in- 
crease in  the  number  of  Hpinex  with  the  age. 

The  extent  of  variation  of  the  Becond  and  third  year  H[ievimenH  is  the  aame. 
The  tirKl  year  HfH.'ciuiens,  althou);l>  only  half  as  many,  exceed  ihe  other  a^s  two 


Per. 

-nl   ofspc-imci 

shiivine    T  anal 

..nt.ofsi^-inu.. 

int.  ..f  gpefiiiiei 

Per. 

shavinitllanal 

P.-r, 

enl.  ofs,«!r.men 

Bliaviugl.'ianal 

0.42  I 

1.6» 

0.82 

32.11! 

20..57 

52.53 

61.60 

13.12 

20.16 

0.H2 
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Several  im|>urtant  facta  brought  out  by  ihe  preceding  compnTiBon  are  worth 
CI  ms  id  era  t  ion. 

1.  No  two  of  the  a^ea  here  compared  are  alike  in  all  the  characleni. 

2.  In  the  anal  fin  and  soft  donial  there  is  a  definite  increase  in  the  number 
of  rays  with  the  age. 

3.  Variation  of  thiH  nature  ie  not  preHent  id  the  other  structures. 

4.  The  extent  of  variation  in  the  diflerenL  ages  it  about  the  same. 
DoBSAL  Bays.  -The  average  number  of  dorsal  rays  are  14.57,  U.76  and  14.08 

for  the  lirgi,  second  and  third  year  specimens,  respectively.  There  is  a  slight  in- 
crease with  UKe.  The  summaries  for  this  structure  are  given  below  in  Table  XI, 
and  the  curves  in  Fig.  S.  The  prevailing  number  of  rays  is  15  for  all  three  ages, 
the  per  cents,  being  5S.39,  52  o.'i  and  55.69  for  the  first,  second  and  third  year 
specimens,  respectively.  The  percent,  of  specimenBhaving  14  raysdecreasesfrom 
40.72  in  the  tirst  year  to  22.35  in  the  third  year  sfiecimens,  while  the  per  cent,  of 
specimens  having  16  rays  increases  fromS.SN  in  the  lirst  year  specimens  to  I  A.  73  io 
the  third  year  specimens.  The  extent  of  variation  is  from  12  to  16  in  the  first 
year,  from  12  to  17  in  the  second  year  and  from  13  to  13  in  the  third  year  speci- 
mens. As  in  the  anal  fin  there  i»  a  tendency  toward  a  greater  number  of  rays  as 
the  fish  grovrs  older. 
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Per  cent,  iif  iperinienB  having  12  doraal  rayi  . . 
Per  cent,  of  specimenB  hsTing  13  doniil  rays  . . 
Per  cent,  of  BpeciiDt?n8  having  14  dorsal  rays  . . 
Per  cent,  of  apecimeni  having  15  dotwil  rays  . 
Per  cent,  of  specimenti  having  lH  dorsal  rays  . 
Per  cent,  of  Bpecimens  having  IT  dorsal  rays  . . 
Per  ceot.  of  specimens  having  18  doraal  rays  . . 


22.35 
55.69 
18.73 


DoBSAT.  Sfinrb.  —The  averages  for  this  structure  are  14.69  for  the  first  year, 
14.39  for  the  second  and  14.65  for  the  third  year,  the  firtt  and  third  years  being 
ainioit  identical,  and  tlie  second  year  having  a  fewer  numtrer.  Fig.  9  represents 
the  curves  for  this  structure.  The  curves  of  the  drat  and  third  ;c«ra  are  almoM 
identical,  both  showing  a  preference  for  15,  with  about  35  per  cent,  for  14.  The 
second  year  sfaoHs  as  clecided  a  preference  for  14,  about  35  per  cent,  for  15.  This 
structure  varies  front  13  In  l(i  in  the  first  year  specimens,  from  12  to  IT  in  the 
second  year  siieeiniens  and  from  i:l  to  IT  in  the  third  year  specimens.  Table  X 
contains  the  summaries  for  this  struct  lire. 
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TABLE  X. 
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First 
Year. 

Second 
Year. 

Third 
Year. 

Per  cent,  of  specimens  havinflr  12  dorsal  spines. . . . 

0.84 
8.47 
49.14 
35.16 
5.50 
0.42 

Per  cent,  of  specimens  having  13  dorsal  spines 

Per  cent,  of  specimens  having  14  dorsal  spines 

Per  cent,  of  specimens  having  15  dorsal  spines 

Per  cent,  of  specimens  having  16  dorsal  spines 

Per  cent,  of  specimens  havinsr  17  dorsal  spines. . . . 

1.69 
38.98 
50.00 

7.62 

3.65 

36.17 

51.62 

8.13 

0.40 

The  first  and  third  year  specimens  resemble  each  other  very  closely  in  regard 
to  the  scales  in  the  lateral  line  and  the  dorsal  spines.  In  these  characters  the 
second  year  specimens  show  a  decided  difference.  These  have  on  an  average  two 
more  scales  in  the  lateral  line,  and  have  14  as  the  prevailing  number  of  dorsal 
spines  instead  of  15,  the  number  in  the  first  and  third  year  specimens. 

Several  explanations  might  be. suggested  to  account  for  a  part  or  all  of  these 
differences. 

The  explanation  suggesting  itself  most  readily  is  that  an  additional  spine  and 
ray  are  added  during  the  life  of  the  individual.  I  have  gone  over  all  the  specimens 
carefully  with  this  point  in  view,  but  find  no  evidence  either  of  the  splitting  of  a 
ray  or  spine,  or  of  the  new  growth  of  the^e,  except  at  the  anterior  of  the  dorsal  fins. 
Here  may  be  found  numerous  instances  of  shorter  spines  and  rays  from  two- 
thirds  to  one-fourth  the  normal  length.  But  among  so  many  specimens  it  is  en- 
tirely probable  that  these  spines  and  rays  would  be  found  in  every  possible  stage 
of  growth.  But  this  is  not  the  case.  The  spines  and  rays,  although  sometimes 
only  one-fourth  the  full  length,  are  always  strong  and  suggest  aborted  rather  than 
Immature  structures.  Besides,  if  this  were  the  case,  we  would  expect  to  find  the 
tendency  toward  a  lower  number  of  spines,  and  rays  very  decided  in  the  first 
year  specimens.  While  this  condition  is  true  in  the  dorsal  and  anal  rays,  it  i» 
decidedly  not  true  in  the  dorsal  spines,  where  the  characters  in  the  first  years  are 
almost  identical  with  those  of  the  third  vear. 

Natural  Selection. — The  principle  of  natural  selection,  the  influence  of 
which  upon  this  species  1  hoped  in  the  onset  of  this  work  to  find,  can  not  be 
applied  in  explanation  of  the  difference  in  the  number  of  scales  and  dorsal  spines 
without  serious  objections.  If  natural  selection  w^ere  the  determining  factor  in 
producing  these  differences,  we  should  expect  all  the  variations  graduated  with 
the  a^e.     We  would  expect  to  have  a  narrower  range  of  variation  as  the  specimens 
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grow  older.  Neither  of  these  conditioDs  obtain.  There  are  neither  18  dorsal  rays 
nor  13  anal  rays  represented  in  the  second  year  specimens;  and  in  the  first  year 
specimens  17  dorsal  rays  are  not  represented.  In  the  dorsal  spines  where  the 
difference  is  most  pronounced  we  have  in  the  first  year  specimens  the  exact 
duplicate  of  that  of  the  third  year  s^yecimens,  while  the  second  year  specimens 
are  quite  different.     The  scales   in  the  lateral  line  present  the  same  difficulty. 

Annual  Variation. — The  explanation  that  seems  to  meet  all  the  conditions 
most  satisfactory  is  that  the  species  varies  with  the  varying  conditions  of  successive 
years. 

The  difference  in  the  dorsal  spines  of  the  different  ages  accounts  thus  for  the 
abnormality  of  the  curve  for  the  dorsal  spines  of  all  the  Turkey  I^ake  specimens, 
Fig.  4.  The  600  specimens  for  which  the  curve  is  constructed  is  a  composite  lot 
of  three  age  varieties. 

This  conclusion,  however,  should  be  held  with  some  reservation.  It  will  be 
noticed  that  nearly  all  the  curves  of  Figs.  7,  8  and  9  are  abnormal  curves,  which 
may  possibly  be  due  to  the  presence  of  local  races  in  the  lake.  While  this  may 
possibly  be  the  case,  it  is  not  at  all  probable,  because,  in  the  first  place,  the 
curve  constructed  for  the  dorsal  spines  of  100  sjieciraens  of  three  year  olds, 
taken  within  a  distance  of  100  yards  along  the  shores  where  the  conditions  were 
undoubtedly  uniform,  gave  a  curve  identical  with  that  for  all  the  three  year 
olds.  In  the  second  place,  the  second  and  third  year  specimens  arc  found  in 
about  equal  abundance  together,  and  since  these  were  promiscuously  preserved  it 
is  altogether  probable  that  from  any  given  locality,  an  equal  number  of  each  age 
was  taken. 

The  sex  has  been  determined  in  all,  and  a  summary  shows  that  the  sexes  do 
not  differ  in  the  characters  entering  into  the  above  considerationp. 
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Whekeas,  The  Indiana  Academy  of  Science,  a  chartered  scien- 
Preanible.  titic  asHociatiun,  has  enil)odie<l  in  it^  constitution  a  provision  that  it 
will,  upon  tlie  request  of  the  (Jovernor,  or  oi  the  several  depart- 
ments of  the  State  government,  through  the  (fovernor,  and  thr(»ugh  its  council  as 
an  advisory  l>ody,  assist  in  the  dire<!tion  and  execution  of  any  investigation 
within  itji  province,  without  pecuniary  gain  to  the  Academy,  provided  only  tliat 
the  necessary  expenses  of  such  investigation  arc  borne  by  the  State,  and, 

Whereas,  The  reports  of  the  meetings  of  said  Academy,  with  the  several 
papers  read  before  it,  have  very  great  educational,  industrial  and  economic  value, 
and  should  be  preserved  in  permanent  form,  and, 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  General 
Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and  agricul- 
tural improvi'oient,  therefore, 

P  ibli  •  tion  Skction  1 .     Be  it  tiiactal  hi/  the  (ttneral  Aasemhly  of  the  Staif  of 

norteo?tho   ^'^^^^^'^^y  That  hereafter  the  annual  reports  of  the  meetings  of  the 

A -adoiny      Indiana  Academy  of  Science,  beginning  with  the  report  for  the  year 

of ..  cience.     is<»4j  including  all  papers  of  scientific  or  economic  value,   presented 

at  such  meetings,  after  they  shall  have  been  fdited  an<l  prepared  for  publication 

as    hereinafter  provided,  shall  be  published  by  and  under  the  direction   of  the 

Commissioners  ni  Puldic  Printing  an<i  Binding. 

Sw;.   2.     Said  reports  shall  l)e  edited  and  j>repared  for  piiblica- 
reDo?t8  ^^'^"  without  expense  to  the  State,  by  a  corps  of  editors  to  be  selected 

and  appointed  by  the  Indiana  Academy  of  Science,   who  shall  not, 
by  reason  of  such  services,   have  any  claim  against  the  State  for  compensation. 
The  form,  style  of  binding,   paper,  typography  and   manner  and  extent  of  illus- 
tration of  such  reports,  shall  be  determined  by  the  editors,  subject  to  the  ajiproval 
of  the  (.V»mmiKsioners  of  Public   Printing  and  Stationery.     Not  less 
printed  than  1,. ')()()  nor  more  than  *J, 000  copies  of  each  of  said  reports  shall 

be  puldished,  the  size  of  the  edition  within  said  limits,  to  be  deter- 
mined bv  the  concurrent  action  of  the  editors  and  the  Commissioners  of  Public 


Printing   and    Stationery:     Provided.    That   not   to   exceed  six  hundred  dollars 
(?(>00)  shall  he  expended  for  such  publication  iu  any  one  year,  and 
not  to  extend  hevond  1896:  Pnnntled,  That  no  sums  shall  be  deemed 
to  be  appropriated  for  the  year  1894. 

Sec.  .'}.     All  except  three  hundred  copies  of  each  volume  of  said 
reports  shall   be  place<l  in  the  custody  of  the  State  Librarian,  who    ^oTre'porfrt. 
shall  furnish  one  copy  thereof  to  each  public  library  in  the  State, 
one  copy  to  each  university,  college  or  normal  school  in    the   State,  one  copy 
to  each  high  school  in  the  State  having  a  library,  which  shall  make  application 
therefor,  and  one  copy  to  such  other  institutions,  societies  or  persons  as  may  be 
designated  by  the  Academy  through  its  editors  or  its  council.     The  remaining 
three  hundred  copies  shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  it 
may  determine.     In  order  to  provide  for  the  preservation  of  the  same  it  shall  be 
the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at  the  disposal 
of  the  Academy  one  of  the  unoccupied  rooms  of  the  State  House,  to  l>e  desig- 
nated as  the  office  of  the  Indiana  Academy  of  Science,  wherein  said  copies  of 
said  reports  belonging  to  the  Academy,  together  with  the  original  manuscripts, 
drawings,  etc.,  thereof  can  be  safely  kept,  and  he  shall  also  equip  the  same  with 
the  necessary  shelving  and  furniture. 

Sec.  4.     An  emergency  is  hereby  declared  to  exist  for  the  imnie- 

lOmcrffCDcv 
diate  taking  effect  of  this  act,  and  it  shall  therefore  take  etfect  and 

be  in  force  from  and  after  its  passage. 


An  Act  for  the  protection  of  birds,  their  nests  and  ech^s. 

[Approved  March  5, 1891.1 

Section  1 .     Be  it  enuHed  by  the  General  Anxembly  of  the  State  of 
Indiana^  That  it  shall  be  unlawful  for  any  person  to  kill  any  wihl 
bird  other  than  a  game  bird,  or  purchase,  oflTer  for  sale  any  such  wild  bird  after 
it  has  been  killed,  or  to  destroy  the  nests  or  the  eggs  of  any  wild  bird. 

Skc.  2.  For  the  purpose  of  this  act  the  following  shall  be  con- 
sidered game  birds:  the  Anatida*,  commonly  called  swans,  geese, 
brant,  and  river  and  sea  ducks;  the  Rallida',  commonly  known  as  rails,  coots, 
mudhens,  and  gallinules;  the  LimicoIa>,  commonly  known  as  shore  birds,  plovers, 
surf  birds,  snipe,  woodcock  and  sandpipers,  tattlers  and  curlews;  the  Gallimo, 
commonly  known  as  wild  turkeys,  grouse,  prairie  chickens,  quail,  and  pheasants, 
all  of  which  are  not  intended  to  be  aflfected  bv  this  act. 


.) 


Skc.  3.  Any  person  violating  the  provisions  of  Section  1  of  this 
1  enalty.  ^^^^  shall,  upon  conviction,  be  fined  in  a  sum  not  less  than  ten  nor 

more  than  fifty  dollars,  to  which  may  be  added  imprisonment  for  not  less  than  five 
days  nor  more  than  thirty  days. 

Sec.  4.     Sections  I  and  2  of  this  act  shall  not  apply  to  any  per- 

Permita.  ^^^  holding  a  permit  giving  the  right  to  take  birds  or  their  nests  and 

eggA  for  scientific  purposes,  as  provided  in  Section  •')  of  this  act. 

_  Sec.  5.     Permits  may  be  irranted  bv  the  Executive  Board  of  the 

Permits  to  "^         *^ 

Science.  Indiana  Academy  of  Science  to  any  properly  accredited  person,  per- 
mitting the  holder  thereof  to  collect  birds,  their  nests  or  eggs  for  strictly  scientific 
purposes.  In  order  to  obtain  such  permit  the  applicant  for  the  same  must  pre- 
sent to  said  Board  written  testimonials  from  two  well  known  scientific  men  certi- 
fying to  the  good  character  and  fitness  of  said  applicant  to  be  entrusted  with  such 
privilege,  and  pay  to  said   Board   one  dollar  to  defray  the  necessary  expenses 

_      ,  attending  the  granting  of  such  permit,  and  must  file  with  said  Board 

Bona. 

a  properly  executed  bond  in  the  sum  of  two  hundred  dollars,  signed 
by  at  least  two  responsible  citizens  of  the  State  as  sureties.     The  bond  shall  be 
Bond  for-         forfeited  to  the  State  and  the  permit  become  void  upon  proof  that 
leited.  j_|jg  holder  of  such  permit  has  killed  any  bird  or  taken  the  nests  or 

eggs  of  any  bird  for  any  other  purpose  than  that  named  in  this  section,  and  shall 
further  be  subject  for  each  offense  to  the  penalties  provided  in  this  act. 

„  Sec.  ().     The  permits  authorized  bv  this  act  shall  be  in  force  for 

Two  years.  ^    ' 

two  years  only  from  the  date  of  their  issue,  and  shall  not  be  trans- 
ferable. 

g.j.^j  ^f  Sec.  7.     The  English  or  European  house  sparrow  (passer  domes- 

"®^*  ticus),  crows,  hawks,  and  other  birds  of  prey  are  not  included  among 

the  birds  protected  by  this  act. 

j^clgf^.  Sec.  8.     All  acts  or  parts  of  acts  heretofore  passed  in  conHict 

pealed.       ^j^j,  ^jjg  provisions  of  this  act  are  hereby  repealed. 

„  Sec.  9.     An  emergency  is  declared  to  exist  for  the  immediate 

Emergency. 

taking  efiect  of  this  act,  therefore  the  same  shall  be  in  force  and 
effect  from  and  after  its  passage. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.     This  association  shall  be  called  the  Indiana  Academy  of  Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientitic  research  and  the 
diffusion  of  knowledge  concerning  the  various  departments  of  science;  to  promote 
intercourse  between  men  engaged  in  scientific  work,  especially  in  Indiana;  to 
assist  by  investigation  and  discussion  in  developing  and  making  known  the  mate- 
rial, educational  and  other  resources  and  riches  of  the  State;  to  arrange  and  pre- 
pare for  publication  such  reports  of  investigation  and  discussions  as  may  further 
the  aims  and  objects  of  the  Academy  as  set  forth  in  these  articles. 

Whereas,  the  State  has  undertaken  the  publication  of  such  proceedings,  the 
Academy  will,  upon  retjuest  of  the  Governor,  or  of  one  of  the  several  departments 
of  the  State,  through  the  Governor,  act  through  its  council  as  an  advisory  body 
in  the  direction  and  execution  of  any  investigation  within  its  province  as  stated. 
The  necessary  expenses  incurred  in  the  prosecution  of  such  investigation  are  to 
be  borne  by  the  State;  no  pecuniary  gain  is  to  come  to  the  Academy  for  its  advice 
or  direction  of  such  investigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State  shall  be- 
come a  public  document. 

ARTICLE  H. 

Section  1.  Members  of  this  Academv  shall  be  honorarv  fellows,  fellows, 
non-resident  members  or  active  nieml>ers. 

Sec^  2.  Any  person  engaged  in  any  department  of  scientific  work,  or  in 
original  research  in  any  department  of  science,  shall  l>e  eligible  to  active  mem- 
bership. Active  members  m^y  be  annual  or  life  membern.  Annual  members 
may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign  the  constitution, 
pay  an  admission  fee  of  two  dollars,  and  thereafter  an  annual  fee  of  one  dollar. 
Any  person  who  shall  at  one  time  contribute  fifty  dollars  to  the  funds  of  this 
Academy,  may  be  elected  a  life  member  of  the  Academy,  free  of  assessment. 
Non-resident  members  may  be  elected  from  those  who  have  been  active  membeis 


Jl 

but  who  have  removed  from  the  State.  In  anj  case,  a  three-fourths  vote  of  the 
members  present  shall  elect  to  membership.  Applications  for  membership  in  anj 
of  the  foregoing  classes  shall  be  referred  to  a  committee  on  application  for  mem- 
bership, who  shall  consider  such  application  and  report  to  the  Academy  before 
the  election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who  have 
recognized  standing  as  scientific  men  and  who  have  been  members  of  the  Academy 
at  least  one  year,  may  be  recommended  for  nomination  for  election  as  fellows  by 
three  fellows  or  members  personally  acquainted  with  their  work  and  character. 
Of  members  so  nominated  a  number  not  exceeding  five  in  one  year  may,  on 
recommendation  of  the  Executive  Committee,  be  elected  as  fellows.  At  the  meet- 
ing at  which  this  is  adopted,  the  members  of  the  Executive  Committee  for  1894 
and  fifteen  others  shall  be  elected  fellows,  and  those  now  honorary  members  shall 
become  honorary  fellows.  Honorary  fellows  may  be  elected  on  account  of  special 
prominence  in  science,  on  the  written  recommendation  of  two  members  of  the 
Academy.     In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at  the 
annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a  president, 
vice-president,  secretary,  assistant  secretary,  and  treasurer,  who  shall  perform 
the  duties  usually  pertaining  to  their  respective  offices  and  in  addition,  with  the 
ex-presidents  of  the  Academy,  shall  constitute  an  executive  committee.  The 
president  shall,  at  each  annual  meeting  appoint  two  members  to  be  a  committee 
which  shall  prepare  the  programmes  and  have  charge  of  the  arrangements  for  all 
meetings  for  one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city  of 
Indianapolis  within  the  week  following  Christmas  of  each  year,  unless  otherwise 
ordered  by  the  executive  committee.  There  shall  also  be  a  summer  meeting  at 
such  time  and  place  as  may  be  decided  upon  by  the  executive  committee.  Other 
meetings  may  be  called  at  the  discretion  of  the  executive  committee.  The  past 
presidents,  together  with  the  ofiicers  and  executive  committee,  shall  constitute  the 
Council  of  the  Academy,  and  represent  it  in  the  transaction  of  any  necessary 
business  not  specially  provided  for  in  this  constitution,  in  the  interim  between 
general  meetings. 

Sec.  8.  This  constitution  may  be  altered  or  amended  at  any  annual  meeting 
by  a  three-fourths  majority  of  attending  members  of  at  least  one  year's  standing. 
No  question  of  amendment  shall  be  decided  on  the  day  of  its  presentation. 


12 


BY-LAWS. 


1.  Dn  iDotiou,  any  special  department  uf  science  shall  be  asKigneti  to  a 
curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members  inter- 
ested in  the  same  department,  to  endeavor  to  advance  knowledge  in  that  particu- 
lar department.  Each  curator  shall  report  at  such  time  and  place  as  the  Academy 
shall  direct.  These  reports  shall  include  a  brief  summary  of  the  progress  of  the 
department  during  the  year  preceding  the  presentation  of  the  report. 

2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one  of  the 
days  of  the  meeting  at  the  expiration  of  his  term  of  ofSce. 

3.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice  of  the 
same  having  been  sent  to  the  address  of  each  member  at  least  fifteen  days  before 
such  meeting. 

4.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed  by 
the  president  and  countersigned  by  the  secretary. 

5.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two  years, 
having  been  annually  notified  of  their  arrearage  by  the  treasurer,  shall  have  their 
names  stricken  from  the  roll. 

6.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of  business. 


MEMBERS. 


FJJLLOWS. 

J.  C.  Arthur *18im  Lafayette. 

P.  S.  Baker 189:^  Oreencastle. 

George  W.  Benton 1896  Indianapolis. 

W.  S.  Blatchley 1893  Indianapolis. 

J.  C.  Branner 1S93  Palo  Alto,  Cal. 

Wm.  Lowe  Bryan 1895  Bloomington. 

A.  W.  Butler 1893  Brookville. 

R.  E.  Call 1894  Lawrenceburg. 

J.  L.  Campbell 1893  Crawfordsville. 

John  M.  Coulter 1893  Cbicago,  111. 

Stanley  Coulter 1893  Lafayette. 

D.  W.  Dennis 1895  Richmond. 

A.  Wilmer  Duff 189H  Lafayette. 

C.  H.  Eigenmann 1893  Bloomington. 

Katherine  E.  (xolden *jS9o  Lafayette. 

W.  F.  M.  Go88 1893  Lafayette. 

Thos.  (Jrav  1893  Terre  Haute. 

A.  S.  Hathaway 1895  Terre  Haute. 

O.  P.  Hay 1893  Washington,  D.  C. 

H.  A.  Huston 1893  Lafayette. 

J.  P.  D.  John 1893  Oreencastle. 

D.  S.  Jordan 1893  Stanford  University,  Cal. 

Robert  E.  Lyons 189H  Bloomington. 

V.  F.  Marsters 1893  Bloomington. 

C.  L.  Mees 1894  Terre  Haute. 

T.  C.  Mendenhall 1893  Worcester,  Mi 


^Dat«  of  election. 
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Joseph  Moore *189(i   Kichmcmd. 

D.  M.  Mottier 1893  Bloomington. 

W.  A.  Noyes 1893  Terre  Haute. 

L.  J.  Rettger 1896 Terre  Haute. 

J.  T.  Scovell 1894  Terre  Haute. 

W.  P.  Shannon 1893  (treensburg. 

Alex.  Smith 1893   Chicago,  111. 

W.  E.  Stone 1893  Lafayette. 

M.  B.  Thomas 1893  Crawfordsville. 

L.  M.  Underwood 1893  New  York  aty. 

T.  C.  Van  Nuys 1893  Bloomington. 

C.  A.  Waldo 1893 Lafayette. 

F.  M.  Webster 1894  Wooster,  O. 

H.  W.  Wiley 1895  Washington,  D.  C. 

John  S.  Wright 1 894  Indianapolis. 


D.  II.  Campbell Stanford  University,  Cal. 

B.  W.  Evermann Washington,  D.  C. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C.  W.  Green Stanford  University,  Cal. 

C.  W.  Hargitt Syracuse,  N.  Y. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  Universitv,  Cal. 

J.  8.  Kingsiey Tufts  College,  Mass. 

Alfred  Springer Cincinnati,  O. 

Robert  B.  Warder Washingtu^n,  D.  C. 


ACTIVE  MEMBERS, 

Frederick  W.  Andrews Bloomington. 

R.  J.  Aley Bloomington. 

George  H.  Ashley Indianapolis. 

Timothy  H.  Ball (  rown  Point. 

H.  H.  Ballard Terre  Haute. 

*Datc  of  election. 
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C  L.  Barnes IndianapoliB. 

An<lrew  J.  Bigney Moore's  Hill. 

J.  A.  Bergstrom Bloomington. 

A.  W.  Bitting Lafayette. 

Alexander  Black Greencastle. 

Edwin  M.  Blake Lafayette. 

Donaldson  Bodine Crawfordsville. 

M.  A.  Brunnon Ft.  Wayne. 

Charles  C.  Brown Indianapolis. 

II.  L   Bruner Irvington. 

Severance  Biirrage Lafayette. 

J.  B.  Burris Cloverdale. 

Nohle  C.  Butler Indianapolis. 

Ada  C.  Campbell South  Bend. 

J.  T.  Campbell Rockville. 

E.  J.  Chansler Bicknell. 

Fre<l.  M.  Chamberlain Bloomington. 

Walter  W.  Chipman Warsaw. 

J.  Fred.  Clearwaters Indianola,  111. 

( Jeorge  Clements Crawfordsville. 

II.  J.  ('lements Washington. 

Charles  Clickener Tangier. 

U.  <  >.  Cox  MankatO)  Minn. 

M.  E.  Crowell Indianapolis. 

Glenn  ( 'ulbertson Hanover. 

Will  Cumback Greensburg. 

Alida  M.  Cunningham Kirkpatrick. 

II.  S.  Cunningham Indianapolis. 

iteorge  L.  Curtiss Columbus. 

B.  M.  Davis Irvington. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

Chas.  R.  Dryer Terre  Haute. 

Joseph  Eastman Indianapolis. 

E.  (r.  Eberhardt Indiana|K>li8. 

M.  N.  Elrod  HarUville. 

F.  L.  Emory Morgantown,  W.  Va. 

Percy  Norton  Evans Lafayette. 
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Samuel  (i.  Evans Evansville. 

E.  M.  Fibber Lake  Forest,  111. 

J.  J.  Flather Lafajette. 

A.  L.  Foley Bloomington. 

Robert  G.  Gillum Terre  Haute. 

J.  R.  Francis Indianapolis. 

Austin  Funk Bloomington. 

J.  B.  Garner Craw  fords  ville. 

U.  F.  Glick Xewbem. 

Micbael  J.  Golden Lafayette. 

W.  £.  Goldsborougb Lafayette. 

8.  S.  Gorby Franklin. 

Vernon  Gk)uld Rochester. 

J.  C.  Gregg Brazil. 

E.  H.  Heacock Topeka,  Kas. 

Chas.  A.  Helvie Chicago. 

Wm.  Perry  Hay Washington,  I).  C. 

Franklin  W.  Hays Indianapolis. 

Flora  Herr Bloomington. 

Robert  Hessler Logansport. 

T.  E.  Hibben Indianapolis. 

J.  W.  Hubbard Bloomington. 

Lucius  M.  Hubbard South  Bend. 

Thomas  M.  Iden Irvington. 

Alex.  Jameson Indianapolis. 

A.  E.  Jessnp Carniel. 

Sylvester  Johnson Irvington. 

W.  B.  Johnson Franklin. 

Chancey  Juday Bloomington. 

O.  L.  Kelso Terre  Haute. 

Arthur  Kendrick Terre  Haute. 

E.  M.  Kindle Bloomington. 

J.  CJ.  Kingsbury Irvington. 

Ph.  Kirsch ColumbiaCity. 

Charles  T.  Knipp Bloomington. 

Thomas  Large Rensselaer. 

Daniel  Layman I  ndianapolis. 

V.  H.  Lockwood Indianapolis. 
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Herbert  W.  McBride Indianapolif». 

Robert  Weslej  McBride Indiana|)oli8. 

Kate  McCarthy Wabash. 

Rousseau  McClellan Indianapolis. 

D.  T.  McDougal Minneapolis,  Minn. 

J.  W.  Marsee Indianapolis. 

G.  W.  Martin Indianapolis. 

Franklin  S.  Miller Brookville. 

W.  J.  Moenkhaus. Bloominp^ton. 

G.  T.  Moore Crawford^ville. 

J.  P.  Xaylor Greeueahtle. 

Charles  E.  Newlin Irvington. 

John  F.  Newsom Elizabethtown. 

E.  W.  Olive Frankfort. 

J.  H.  Oliver Indianapolis. 

D.  A.  Owen Franklin. 

George  J.  Peirce Bloomington. 

W.  H.  Peirce Indianapolis. 

Elwood  Pleas Dunreith. 

A.  H.  Purdue Chicago,  111. 

Kvland  Ratliff. Fairniount. 

11.  G.  Reddick Bloomington. 

Bessie  C.  Ridgley  South  Bend. 

D.  C.  Ridgley Delphi. 

Curtis  A.  Rinson Bloomington. 

(Jeorge  L.  Roberts Greeubbnrg. 

Adolph  Rodgers New  Castle. 

John  F.  Schnaible Lafayette. 

C.  E.  Sohafer Huntington. 

E.  A.  Schultze Noblesville. 

Claude  Siebenthal Bloomington. 

(r.  W.  Sloan Indianapolis. 

J.  B.  Slonaker Bloomington. 

Richard  A .  Smart Lafayette. 

Harold  B.  Smith Worcester,  Mass. 

Theo.  W.  Smith Indianapolis. 

Lill ian  Snyder West  Lafayette. 

F.  P.  Stauffer Logansport. 
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M.  C.  Steventt Lafayette. 

H.  M.  Stoops Brookville. 

Joseph  Swain Bloomington. 

William  Stewart Lafavette. 

George  A.  Talbert Laporte. 

Frank  B.  Taylor Fort  Wayne. 

S.  N.  Taylor West  Lafayette. 

Erastus  Test Lafayette. 

F,  C.  Test Washington,  D.  C. 

J.  F.  Thompson Richmond. 

William  M.  Thrasher Irvington. 

A.  L.  Treadwell Oxford,  Ohio. 

W.  P.  Turner West  Lafavette. 

A.  B.  Ulr«y North  Manchester. 

W.  B.  Van  Gorder Knightstown. 

H.  8.  Voorhees Brookville. 

J.  H.  Voris Bloomington. 

Ernest  Walker New  Albany. 

F.  A.  Walker Anderson. 

W.  P.  Wallheiser Bedford. 

W.  O.  Wallace Wabash. 

Fred  C.  Whitcomb Delphi. 

William  M.  Whitten South  Bend. 

J.  R.  Wiest Richmond. 

W.  L.  Wood Covington. 

William  Watson  Woollen Indianapolis. 

A.  J.  Woolman Duluth,  Minn. 

P.  A.  Yoder Bloomington. 

.\.  C.  Yoder Bloomington. 

O.  B.  Zell Clinton. 

Fellows 41 

Non-resident  members 10 

Active  members 149 

Total 20() 
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LIST.  OF  FOREIGN  CORRESPONDENT^. 


AFRICA. 


Dr.  J.  Medley  Wood,  Natal  Botanical  Gardens,  Berea  Durban,  South  Africa. 
South  African  Philosophical  Society,  Cape  Town,  South  Africa. 


ASIA. 

China  Branch  Royal  Asiatic  Society,  Shanghai,  China. 
Asiatic  Society  of  Bengal,  Calcutta,  India, 
(feological  Survey  of  India,  Calcutta,  India. 
Indian  Museum  of  India,  Calcutta,  India. 
India  Survey  Department  of  India,  Calcutta,  InrUa. 


Deutsche  (resellschaft  fiir  Natur  und  Volkerkunde  Ostasienf*,  Tokio,  Japan. 
Imperial  Univernity,  Tokio,  Japan. 


Koninklijke  Natiirkundige  Vereeniging  in  Nederlandsch-Indie,  Batavia,  Java. 


Hon.  D.  D.  Baldwin,  Honolulu,  Hawaiian  Islands. 


EUROPE. 

V.  R.  Tschiisizu  Sohmidhoffen,  Villa  Tannenhof,  Halle  in  Salzburg,  Austria. 
Herman  von  Vilas,  Innsbruck,  Austria. 

Kthnologische  Mittheilungen  aus  Ungarn,  Budapest,  Austro-Hungary. 
Matheuiatisc'ho  iind  Naturwissenschaftliche  Berichte  aus  Ungarn,  Budapest,  Aus- 

tro- Hungary. 
K.  K.  ( M'ologischen  Reichssanstalt,  Vienna  (Wien),  Austro-Hungary. 
K.  U.  Naturwissenschaftliche  Gesellschaft,  Budapest,  Austro-Hungary. 
Naturwissenschaftlich-Medizinischer  Verein  in  Innsbruck  (Tyrol),  Aust  o-Hun- 

gary. 
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Editors  "Termeszetrajzi  Fiizetk/'  Hungarian  National  Museum,  Budapest,  Aus- 

tro-Hungary. 
Dr.  Eugen  Dadai,  Adj.  am  Nat.  Mus.,  Budapest,  Austro-Hungarj. 
Dr.  Julius  von  Madarasz,  Budapest,  Austro-Hungary. 
K.  K.  Naturhistorisches  Hof museum,  Vienna  (Wien),  Austro-Hungary. 
Ornithological  Society  of  Vienna  (Wien),  Austro-Hungary. 
Zoologischc-Botanische  Gesellschaft  in  Wien,  Wien,  Austro-Hungary. 
Dr.  J.  von  Cfiato,  Nagy  Knyed,  Austro-Hungary. 

Malacological  SiKMety  of  Belgium,  Brussells,  Belgium. 

Koyul  Academy  of  Science,  I-.ctters  and  Fine  Arts,  Brussells,  Belgium. 

Royal  Linnean  Society,  Brussells,  Jielgium. 

Society  lielge  de  Geologie,  de  Palaeontologie  et  Hydrologie,  Brussells,  Belgium. 

Society  Royale  de  Botanique,  Brussells,  Belgium. 

Society  Geologique  de  IWlgique,  LiC'ge,  Belgium. 


I*rof.  Christian  Frederick  Lutken.  Copenhagen,  Denmark. 


Bristol  Naturalists*  Society,  Bristol,  Fngland. 

Geological  Society  of  London,  London,  England. 

Linnean  Society  of  lA)ndon,  London,  England. 

Liverpool  Geological  Society,  Liverpool,  England. 

Manchester  Literary  and  Philosophical  Society,  Manchester,  England. 

''Nature,"  London,  England. 

Koyal  Botanical  Society,  Londtm,  Englan<l. 

Royal  Geological  Society  of  Cornwall,  Penzance,  England. 

Royal  Microscopical  Society,  Ivondon,  England. 

Zoological  Society,  London,  England. 

Lieut.-C<d.  John  Biddulph,  43  Charing  Cross,  London,  England. 

Dr.  G.  A.  Boulenger,  British  Mus.  (Nat.  Hist.),  rx>ndon,  England. 

F.  DuCane  Godman,  10  Chandos  St.,  Cavendish  Sq.,  London,  England. 

Hon.  E.  L.  Layard,  Budleigh  Salterton,  Devonshire,  England. 

Mr.  Osbert  Salvin,  Hawksfold,  Femshurst,  Haslemere,  England. 

Mr.  Howard  Saunders,  7  Radnor  Place,  Hyde  Park,  London  W.,  England, 

Phillip  L.  Sclater,  3  Hanover  Sq.,  London  W.,  England. 

Dr.  Richard  Bowlder  Sharpe,  British  Mus.  (Nat.  Hist.),  London,  England. 

Prof.  Alfred  Russell  Wallace,  Corfe  View,  Parkstone,  Dorset,  England. 
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Botanical  Society  of  France,  Paris,  France. 

Minist^r^  de  1 'Agriculture,  Paris,  France. 

Society  Entomologique  de  France,  Paris,  France. 

L'InKtitut  Grand  Ducal  de  Luxembourg,  Luxembourg,  Lux,  France. 

8oc.  <le  Horticulture  et  de  Botan.  de  Marseille,  Marseille,  France. 

Society  Linneenne  de  Bordeaux,  Bordeaux,  France. 

La  Soc.  Linneenne  de  Normandie,  Caen,  France. 

Soc.  de8  Naturelles,  etc.,  Nantes,  France. 

Zoological  Society  of  France,  Paris,  France. 

Baron  Louis  d'Hamonville,  Meurthe  et  Moselle,  France. 

Prof.  Alphonse  Milne- Edwards,  Rue  Cuvier,  o7,  Paris,  France. 


Botanischer  Verein  der  Provinz  Brandenburg,  Berlin,  Germany. 

Deutche  Geologische  Gesellschaft,  Berlin,  Germany. 

Entomologisoher  Verein  in  Berlin,  Berlin,  Germany. 

.Journal  fiir  Ornithologie,  Berlin,  Germany. 

Prof.  Dr.  Jean  Cabanis,  Alte  Jacob  Strasse,  103  A.,  Berlin,  Germany. 

Augsburger  Natnrhistorischer  Verein,  Augsburg,  Germany. 

Count  Han8  von  Berlspsen,  Munden,  Germany. 

Braunschweiger  Verein  fiir  Naturwissenschaft,  Braunschweig,  (Germany. 

Bremer  Naturwissenschaftlicher  Verein,  Bremen,  Germany. 

Kaiserliche    Leopoldische-Carolinische    Deutsche   Akademie  der  Naturforscher, 

Halle,  Saxony,  Germany. 
Koniglich-Sachsische  Gesellschaft  der  Wissenschaften,  Mathematisohe-Physische 

Classe,  Leipzig,  Saxony,  Germany. 
Naturhistorische  Gesellschaft  zu  Hanover,  Hanover,  Prussia,  Germany. 
Naturwissenschaftlicher  Verein  in  Hamburg,  Hamburg,  Germany. 
Verein  fiir  Erdkunde,  Iveipzig,  Germany. 
Verein  fur  Naturkunde,  Weisbaden,  Prussia. 


Belfast  Natural  History  and  Philosophical  Society,  Belfast,  Ireland. 
Royal  Dublin  Society,  Dublin. 
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Societa  £ntomologica  Italiana,  Florence,  Italj. 

Prof.  H.  H.  Giglioli,  Museum  Vertebrate  Zoology,  Florence,  Italy. 

Dr.  Alberto  Perngia,  Museo  Civico  di  Storia  Naturale,  Genoa,  Italy. 

Societa  Italiana  de  Scienze  Natural!,  Milan,  Italy. 

Societa  Africana  d'  Italia,  Naples,  Italy. 

Dell  'Academia  Pontifico  de  Nuoyi  Lincei,  Rome,  Italy. 

Minister  of  Agriculture,  Industry  and  Commerce,  Rome,  Italy. 

R.  Comitato  Geologico  d'  Italia,  Rome,  Italy. 

Rassegna  della  Scienze  Geologiche  in  Italia,  Rome,  Italy. 

Prof.  Count.  Tomasso  Salvadori,  Zoolog.  Museum,  Turin,  Italy. 


Royal  Norwegian  Society  of  Sciences.  Throndhjem,  Norway. 
Dr.  Robert  Collett,  Kongl.  Frederiks  Univ.,  Christiana,  Norway. 


Academia  Real  des  Sciencias  de  Lisboa,  Lisboa  (Lisbon),  Portugal. 


Comit^  Geologique  de  Russie,  St.  Petersburg,  Russia. 
Imperial  Academy  of  Sciences,  St.  Petersburg,  Russia. 
Imperial  Society  of  Naturalists,  Moscow,  Russia. 


The  Botanical  Society  of  Edinburgh,  Edinburgh,  Scotland. 

John  J.  Dalgleish,  Brankston  Grange,  Ik>gHide  Sta.,  Sterling,  Scotland. 

Edinburgh  Geological  Society,  Edinburgh,  Scotland. 

Geological  Society  of  Glasgow,  Scotland. 

John  A.  Harvie-Brown,  Duniplace  House,  Larbert,  Stirlingshire,  Scotland. 

Natural  History  Society,  Glasgow,  Scotland. 

Philosophical  Society  of  (ilasgow,  Glasgow,  Scotland. 

Royal  Society  of  Edinburgh,  Edinburgh.  Scotland. 

Royal  Physical  Society,  Edinburgh,  Scotland. 


Barcelona  Academia  de  Cienoias  y  Artes,  Barcelona,  Spain. 
Royal  Academy  of  Sciences,  Madrid,  Spain. 


InMitut  Royal  Geologit^ue  de  SuMe,  Stockholm,  Sweden. 
SiK-iet^  Entomologique  a  Stockholm,  Stockholm,  Sweden. 
Royal  Swedish  Academy  of  Science,  Stockholm,  Sweden. 
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Naturforschende  (Tesellschaft,  Basel,  Switzerland. 

Naturforschende  Gesellschaft  in  Berne,  Berne,  Switzerland. 

La  Society  Botanique  Suisse,  Greneva,  Switzerland. 

Society  Helveticiue  de  Sciences  Naturelies,  Geneva,  Switzerland. 

Society  de  Physique  et  d*  Historic  Naturelle  de  Geneva,  Geneva,  Switzerland. 

Concilium  Bibliographicuin,  Ziirich-Oberstrasse,  Switzerland. 

Naturforschende  Gesellschaft,  Zurich,  Switzerland. 

Schweizerische  Botanische  Gesellschaft,  Zurich,  Switzerland. 

Prof.  Herbert  H.  Field,  Zurich,  Switzerland. 


AUSTRALIA. 


Linnean  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 

Royal  Society  of  New  South  Wales,  Sidney,  New  South  Wales. 

Prof.  Liveridge,  F.  R.  S.,  Sidney,  New  South  Wales. 

Hon.  Minister  of  Mines,  Sidney,  New  South  Wales. 

Mr.  K.  P.  Ramsey,  Sidney,  New  South  Wales. 

Royal  Society  of  Queensland,  Brisbane,  Queensland. 

Royal  Society  of  South  Australia,  Adelaide,  South  Australia. 

Viotoria  Pub.  Library,  Museum  and  Nat.  Gallery,  Melbourne,  Victoria. 

Prof.  W.  L.  Buller,  Wellington,  New  Zealand. 


NORTH   AMERICA. 

Natural  Hist.  Society  of  British  Columbia,  Victoria,  British  Columbia. 

Canadian  Record  of  Science,  Montreal,  Canada. 

McGill  University,  Montreal,  Canada. 

Natural  Society,  Montreal,  Canada. 

Natural  History  Society,  St.  John,  New  Brunswick. 

Nova  Scotian  Institute  of  Science,  Halifax,  N.  S. 

Manitoba  Historical  and  Scientific  Society,  Winnipeg,  Manitoba. 

Dr.  T.  Mcllwraith,  Cairnbrae,  Hamilton,  Ontario. 

The  Royal  Society  of  Canada,  Ottawa,  Ontario. 

Natural  History  Society,  Toronto,Canada. 

Hamilton  Association  Library,  Hamilton,  Ontario. 

Minister  of  Militia  and  Defense,  Ottawa,  Ontario. 

Canadiari  Entomologist,  Ottawa,  Ontario. 

Department  of  Marine  and  Fisheries,  Ottawa,  Ontario. 


24 

Ontario  Agricultaral  College,  Guelph,  Ont. 
Canadian  Inbtitute,  Toronto. 
Ottawa  Field  NaturalisU*  Club,  Ottawa,  Ont. 
University  of  Toronto,  Toronto. 
Geological  Survej  of  Canada,  Ottawa,  Ont. 
La  Naturaliste  Canadian,  Chicontini,  Qaebec 
La  Naturale  Za,  Citj  of  Mexico. 
Mexican  Society  of  Natural  History,  City  of  Mexico. 
Museo  Nacionale,  City  of  Mexico. 
Sociedad  Cientifica  Antonio  Alzate,  City  of  Mexico. 

Sociedad  Mexicana  de  Geographia  y  E^stadistica  de  la  Republica  Mexicana,  City 
of  Mexico. 


WEBT   INDIES. 


Victoria  Institute,  Trinidad,  British  West  Indies. 

Museo  Nacional,  San  Jose,  Costa  Kica,  Central  America. 

Dr.  Anastasia  Alfaro,  Secy.  National  Museum,  San  Jose,  Costa  Rica. 

Rafael  Arango,  Ilavana,  Cuba. 

Jamaica  Institute,  Kingston,  Jamaica,  West  Indies. 


SOUTH  AMERICA. 

Argentina  Historia  Natural  Florentine  Amegline,  Buenos  Ay  res,  Argentine  Re- 
public. 

Mus^e  de  la  Plata,  Argentine  Republfc. 

Nacional  Academia  des  Ciencias,  Cordoba,  Argentine  Republic. 

c><)ciedad  Cientifica  Argentina,  Buenos  Ayres. 


MuHeo  Nacional,  Rio  de  Janeiro,  Brazil. 
Sociedad  de  Geographia,  Rio  de  Janeiro,  Brazil. 

Dr.   Merman  von  Jhering,  Dir.  Zo<)l.  Sec.  Con.  Geog.  e  (Teol.  de  Sao  Paulo,  Rio 
Grande  do  Sul,  Brazil. 


Deutscher  Wissenschaftlicher  Verein  in  Santiago,  Santiago,  Chili. 

Society  Scientifi(|ue  du  Chili,  Santiago,  Chili. 

Sociedad  Guatemalteca  de  Ciencias,  Guatemala,  Guatemala. 


•  •  • 


.     .     .     PROGRAM 

OF  THE 

TWE^LKTH    ANNUAL    NlE^ETINQ 

OF  THE 

Indiana  Academy  of  Science, 

STATE  HOUSE.  INDIANAPOLIS. 

December  30  and  31,  1896. 


OFFICERS  AND  EX-OFFICIO  EXECUTIVE  COMMITTEE. 


Stanley  Coultbb President 

Thomas  Gray Vice-President 

JoHK  S.  Wright Secretary 

A.J.  BiGNKT Assistant  Secretary 

W.  p.  Shannon Treasurer 


Amos  W.  Butlbr,  T.  C.  Mbndrnhall, 

W.A.NoYBs,  John  C.  Bbannbr, 

J.  C.  Abtbdb,  J.  P.  D.  John, 

J.L.  Campbrll,  John  M.Coultbr, 

0.  P.  Hay,  David  S.Jordan. 


The  .sessions  of  the  Academy  will  be  held  in  the  State  House  in  the  rooms  of  the  State 
Board  of  Agriculture. 

Headquarters  will  be  at  the  Denison  Hotel.  A  rate  of  $2.50  per  day  will  be  made  to  all 
persons  who  make  it  known  at  the  time  of  registering  that  they  are  members  of  the 
Academy. 

Reduced  railniad  rates  for  the  members  can  not  be  obtained  under  the  present  rulings 
of  the  Traffic  Association.  Many  of  the  colleges  can  secure  special  rates  on  the  various 
roadH.  Those  who  can  not  do  this  could  join  the  State  Teachers'  Association  and  thui) 
secure  the  one  and  one-third  round-trip  fare  accorded  to  them. 

C.  A.  Waldo, 

A. J.  BlQNKY, 

Ctvtmitttt!. 


GENERAL  PROGRAM. 


Tuesday,  December  29. 

MeetiiiK  <>f  the  Kxecutive  Committee  at  the  Denison  Hotel 8  p.  m 

Wednesday,  December  30. 

(Jcnenil  Session 9  a.  m.  to  12  m. 

Sectional  Meeting 2  p.  m.  to  5  p.  m. 

Ail<lrci«s  by  Prei«i<lent  Stanley  Coulter 7  p.  m, 

Thursday,  December  31. 

(leneral  Session,  followed  by  Sectional  Meetings ^  a.  m.  to  12  m. 

General  Session 2  p.  ni.  to  4  p.  m. 
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LIST  OF  PAPERS  TO  BE  READ. 


ADDRESS  BY  THE  RETIRING  PRESIDENT, 
PROFESSOR   STANLEY  COULTER, 

At  7  o'clock  Wednesday  evening. 
Subject :    "  Science  and  the  State." 


The  addrefig  has  been  placed  at  this  early  hour  in  order  that  other  engagements  for  the 
usual  hours  of  evening  entertainment  may  not  keep  the  members  of  the  Academy  and  their 
frien<Is  from  bein?  present. 


The  following  papers  will  be  read  in  the  order  in  which  they  appear  on  the  progrram,  ex- 
cept that  certain  papers  will  be  presented  "pui-i  pantn  *'  in  sectional  meetings.  In  order 
that  the  labor  of  presentation  may  be  relieved,  papers  presented  by  the  same  authors  have 
been  separated  unless  such  separation  would  impair  the  value  of  the  papers.  When  a  paper 
is  called  and  the  reader  is  not  present,  it  will  be  dropped  to  the  end  of  the  list,  unless  by 
mutual  agreement  an  exchange  can  be  made  with  another  whO!<e  time  is  approximately  the 
same.  Where  no  time  was  sent  with  the  papers,  they  have  been  uniformly  assigned  ten 
minutes.    Opportunity  will  be  given  after  the  reading  of  each  paper  for  a  brief  dii^oussioD. 

N.  B, —  By  order  of  the  Actidemy,  no  paper  can  be  rend  until  an  nhntract  of  it-  vontmUt  or  the 
written  pap*ir  hoM  hr*  n  phit.cd  in  thr  haitdn  of  tin  Sfrrrtary. 


GENERAL  SUBJECTS. 

1.  Evolution  of  map  of  Mammoth  Cave,  Ky.     (Exhibition  of  all 

maps,  ever  made. )     10  m R.  Ellsworth  Call. 

2.  Fauna    of    Mammoth    Cave    with    exhibition    of    specimens, 

20  m R.  Ellsworth  Call. 

8.     Notes  on  Indiana  caves  and  their  fauna,  20  m W.  S.  Blatchlej. 

4.  A  possible  relation  of  the  Academy  of  Science  to  the  Teachers  of 

Biology  in  our  Hi^h  Schools,  12  m L.  J.  Rettger. 

5.  The    occurrence  of    Uroglena    in    the    LaFayette  City   water, 

10  m Severance  Burrage. 

6.  Relation  of  the  engineering  research  laboratory  to  the  public, 

12  m W.  F.  M.  «o«. 

7.  Ix>aiiville  filtration  experiments,  10  m Geo.  W.  Benton. 

8.  A    "Tornado"    in    Rush    County,    Indiana,    August   1,  1896, 

10  m W.  P.  Shannon. 
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GEOLOGICAL  SUBJECTS. 


9.     Crushing  strength  of  Bedford  Oolitic  limestone  in  cubes  and 

prisms,  10  m W.  K.  Hatt. 

10.  Some  mounds  of  Vanderburg  County,  Indiana,  10  m A.  H.  Purdue. 

11.  The  Lake  Michigan  and  Mississippi  Valley  water  shed,  5  m T.  H.  Ball. 

*V2.     Some  Indiana  eskers,  15  m Chas.  K.  Dreyer. 

18.     Some  facts  concerning  sand  ridges  and  beds,  water  courses,  wells 

and  Springs  in  Lake  County,  10  m T.  H.  Ball. 

14.  Report  of  a  moraine  of  Niagara  limestone,  near  Kicmond,  10  m.  Jos.  Moore. 

MATHEMATICAL  SUBJECTS. 

15.  A  new  formula  for  determining  the  friction  of  shafting J.  J.  Flather. 

K).     Orthogonal  surfaces,  20  m A.  S.  Hathaway. 

17.  The  Calendar  Group,  10  m C.  A.  Waldo. 

18.  Study  of  euthymorphic  function  of  the  first  order,  10  m E.  M.  Blake. 

19.  New  mechanical  computer,  20  m F'red  Morley. 

PHYSICAL  SUBJECTS. 

20.  A  new  apparatus  for  photographic  surveying,  20  m Fred  Morley. 

21.  Experiments  on  the  surface  tension  of  water  above  100°  C,  8  m. 

Chae.  T.  Knipp. 

22.  ('rushing  strength  of  wrought  iron  cylinders,  10  m. 

W.  K.  Hatt  and  L.  Fletemever. 

23.  Test  of  a  ()0,()00  lb.  car  axle,  o  m W.  F.  M.  Goss. 

24.  Subdivision  of  power,  10  m   J.  J.  Flather. 

25.  Electromagnets W.  E.  (ioldsbo rough. 

26.  An  efficiency  surface  for  Pelton  motor,  5  m W.  K.  Hatt. 

27.  ( )n  seiches,  lo  m A.  W.  Dufl. 

28.  Some  experiments  on  the  phenomenon  of  the  elevation  of  the 

elastic  limit,  10  m W.  K.  Hatt. 

29.  Empirical  formula  for  viscosity  as  a  function   of  temperature, 

10  in A.  W.  Duff. 

HO.     Cadmium  cells  as  compare<l  with  the  standard  Clark  celN,  lU  m, 

8.  N.  Tavlor. 


<■• 


Author  absent;  paper  not  presented. 
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CHEMICAL  SUBJECTS. 

31.     S«»il  Holvents,  10  m H.  A.  Huston  and  J.  M.  Rarrett. 

*8'i.     The  occurrence  of  Raffinose  in  American  l)eet  sugar,  10  in. 

W.  E.  Stone  and  W.  H.  Baird. 

33.     Basic  slag,  10  m H.  A.  Huston  and  W.  J.  Jones. 

•34.     The  action  of  enzymes  upon  starches  of  different  origin,  10  m. .  W.  H.  Stoue. 
35.     The  character  of  the  volatile  matter  lost  bv  bituminous  coal  at 

1 00°  C.  15  m W.  E.  Burk. 

t36.     Notes  on  the  relation  of  Sodium  Silicate  to  alcoholic  fermentation, 

5  m Geo.  W.  Benton. 

37.  Notes  on  Diphenylselenon  and  Selenthren,  2  m Robert  Lvon. 

38.  Notes  on  L-  and  B-  Lupanin,  10  m Sherman  Davis. 

39.  The  physiological  action  of  compounds  containing  bivalent  car- 

bon,  20  m J.  U.  Nef. 

40.  Calculation  of  heating  effect  of  coals  by  proximate  analysis.  .W.  E.  Noyes. 

BOTANICAL  SUBJECTS. 

41.  Notes  on  the  Mora  of  Lakes  Cicott  and  Maxinkuckee,  o  m. .  Robert  Heasler. 

42.  Notes  rm  some  Phaiiero^jtins,  new  or  rare  to  llie  State,  10  m..  W.  S.  nialcliley. 
4'\.     Periodicity  of  root  prensure,  lorn M.  B.  Thomas. 

44.  Notes  on  the  Mora  of  the  lake  region   of   northeastern   Indiana, 

20  m W.  W.  Chipman. 

45.  Contribution  to  the  flora  of  Indiana  IV,  15  m Stanley  Coulter. 

4<).     Additions  to  the  published  lists  of  Indiana  cryptogams. .  L.  M.  Underwood. 

47.  Changes  in  the  pith  cell  preliminary  to  the  development  of  cavities 

in  the  stems  of  some  grasses,  1')  m (i.  J.  Peirce. 

48.  Bacteria  found  in  the  air  of  stables,  15  m A.  W.  Bitting. 

49.  Have  the  common  yeasts  pathogenic  properties?     .An  experimental 

study,  15  m Katherine  E.  Golden. 

50.  Exceptional  growth  of  a  wild  rose,  5  m Stanley  Coulter. 

51.  A  revision  of  the  species  of  the  genus  Plantago  occurring  in  the 

United  States,  15  m Alida  M.  Cunningham. 


*  Author  absent;  paper  not  presented, 
t  Paper  not  presented. 
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52.     A  microscopic  examination  of  certain  drinking  waters,  lo  m. 

G.  J.  Peirce,  F.  M.  Andrews  and  A.  C.  Life. 
.')S.     The  eHect  of  drought  upon  certain  plants — an  experimental  study, 

1')  m Clara  A.  Cunningham. 

ol.     Additions  to  the  Cryptogamic  Hora  of  Indiana,  10  m J.  C.  Arthur. 

ho.     The  Uredinea'  of  Tippecanoe  County,  Indiana,  10  m Lillian  Snyder. 

hi'i.     Traumatropic  curvatures  of  tendrils,  5  m D.  T.  McDougal. 

57.  Mechanism  of  curvatures  of  roots,  5  m 1).  T.  McDougal 

58.  The  occurrence  of  the  Russian  Thistle  (Salsola  Kali  Tragus)  in 

VV'abash  Countv,  5  m A.  B.  Ulrev. 


ZOOLOGICAL    SUBJECTS. 

59.  Some  additions  to  our  knowledge  of  the  anatomy  and  embryology 

of  the  Holostomida*,  10  m L.  J.  Rettger. 

60.  Abnormal  incisor  growths  in  rodents,  5  m C.  E.  Newlin. 

(U.     The  Bobolink  (Dolichony  and  oryzivorous)  in  Indiana,  15  m..A.  W.  Butler. 

(;2.     The  birds,  our  friends,  12  m E.  J.  Chandler. 

6P>.     Some  additions  to  the  Indiana  bird  list,  with  other  notes,  15  m..  A.  W.Butler. 

64.  Some  interesting  bones,  5  m M.  B.  Thomas. 

65.  The  hydrographic  basins  of  Indiana  and  their  Molluscan  fauna, 

10  m R.  Ellsworth  Call. 

66.  The  American  Indian — his  religion,  15  m Geo.  L.  Curtiss. 

67.  Notes  on  the  origin  of  the  epiphysis  cerebri  of  Amia,  5  m B.  M.  Davis. 

68.  Summary  of  the  literature  on  the  epiphysis  cerebri,  5  m B.  M.  Davis. 

69.  The  snowbird  at  night,  5  m W.  P.  Shannon. 

70.  On  the  occurrence  of  several   families  of  aquatic  animalcuhe  in 

new  stations,  .'i  m E.  Pleas. 

71.  Notes  on  the  biological  survey  of  Milan  Pond,  10  m A.  J.  Bigney. 

72.  Involuntary  suicide  of  a  crow,  3  m Stanley  Coulter. 

73.  A  brief  history  of  the  Randolph  Mastodon,  10  m Jos.  Moore. 

74.  The   increasing  abundance  of  the  opossum  (Didelphus  virginiana 

Shaw  I  in  northern  Indiana,  5  m A.  H.  Tirey. 
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TURKEY  LAKE  AS  A  UNIT  OF  ENVIRONMENT  ANI>  THE 
VARIATION  OF  ITS  INHABITANTS. 

7o.        I.     Second  report  of  the  Biological  Station,  10  m C.  H.  Eigeniuann. 

76.  II.     The  temperature  of  Turkey  Lake  and  the  fluctuation  of  its 

levei  during  the  past  year,  10  m J.  P.  Dolan. 

77.  III.     The  Plankton  of  Turkey  Lake,  10  m Chancey  Juday. 

78.  IV.     Physical  survey  of  Lakes  Tippecanoe,   Kagle,  Webster  and 

Cedar,  10m Thomas  Large. 

79.  V.     Destruction   of    a  school   of    Blue    Gills  in    Webster   Lake, 

1  m Thomas  Large. 

80.  VI.     The  variation  of  Lepomis,  lorn G.  J.  Peirce. 

81.  VII.     The  variation  of  Etheostoma,  20  m W.  J.  Moenkhaus. 

82.  VIII.     Blind  fishes,  a  preliminary  report,  1')  m C.  II.  Eigenmann. 

83.  IX.     The  fovea,  20  m J.  R.  Stonaker. 

84.  X.     The  variation  of  Micropterus,  20  m D.  C.  Ridgley. 

85.  XI.     The  variation  of  Pimephales,  10  m J.  R.  VoriR. 
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TWELFTH    ANNUAL    MEETING    OF    THE    nTDlANA  ACADEMY 

OF  SOIENOE. 


The  twelfth  annual  meeting  of  the  Indiana  Academy  of  Science  was  held  in 
Indiana|>olis  Wednesday  and  Thursday,  December  30  and  31,  1896,  preceded  by 
a  session  of  the  executive  committee  of  the  Academy,  8  p.  M.,  Tuesday,  Decem- 
ber 29th. 

At  9  A.  M.,  I)ecember  30th,  President  Stanley  Coulter  called  the  Academy  to 
order  in  general  session,  at  which  committees  were  appointed  and  much  other 
routine  and  miscellaneous  business  transacted.  After  the  disposition  of  these 
affairs  the  reading  and  discussion  of  papers  of  the  printed  program,  under  the 
title  of  "General  Subjects,''  occupied  the  time  until  adjournment  at  12  M. 

The  Academy  met  at  2  p.  m.,  in  two  sections — biological  and  physico-chemi- 
cal— for  the  reading  and  discussion  of  papers.  President  Stanley  Coulter  presided 
over  the  biological  section,  and  Vice-President  Thomas  Gray  acted  as  chairman 
of  the  physico-chemical  section.  After  the  adjournment  of  the  section  meetings 
at  5  p.  M.  the  Academy  again  met  in  general  session  at  7  p.  m.  Following  the 
disposition  of  committee  reports  and  the  transaction  of  other  business  was  the 
address  of  the  retiring  President,  Dr.  Stanley  Coulter,  subject:  "Science  and  the 
State." 

The  evening  session  of  the  Academy  was  followed  by  a  meeting  of  the  exec- 
utive committee. 

Thursday,  December  31st,  9:15  A.  M.,  the  Academy  met  in  general  session  for 
the  transaction  of  business,  after  which  it  divided  into  sections  for  the  considera- 
tion of  papers.  President  Coulter  presided  over  the  biological  section,  while 
Prof.  W.  B.  Johnson  acted  as  chairman  of  the  physico-chemical  section. 

Adjournment  of  each  section  about  12  M. 
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THE  FIEIiD  MEETING  OF   1896. 


The  Field  Meeting  of  1896  was  held  Thursday  and  Friday,  June  4th  and  5th, 
at  Oxford,  Ohio.  This,  the  first  session  of  the  Indiana  Academy  held  out  of  the 
State,  was  in  connection  with  the  field  meeting  of  the  Ohio  Academy  of  Science. 

Thursday,  June  4th,  was  largely  spent  in  the  field.  At  8  p.  M.  the  two  acad- 
emies met  at  the  Western  Female 'Seminary,  where  President  Stanley  Coulter,  of 
the  Indiana  Academy,  delivered  an  address,  subject:  *'The  Influence  of  Biology 
upon  the  World." 

The  executive  committee  of  the  Indiana  Academy  met  in  business  session  at 
7:80  A.  M.,  F*riday,  .June  oth,  President  Stanley  Coulter  in  the  chair.  Both  acad- 
emies occupied  much  of  the  day  with  various  excursion!!,  after  which  they  visited 
Oxford  College.  In  the  evening,  at  Miami  University,  Dr.  K.  Ellsworth  Call 
delivered  an  illustrated  lecture  on  Mammoth  Cave.     Adjournment. 

The  joint  meeting  of  the  Indiana  and  Ohio  Academies  of  Science  was  an 
occasion  of  more  than  usual  interest.  The  academies  were  laid  under  heavy 
obligations  to  Oxford  citizen*^,  who  individually  and  through  the  various  educa- 
tional  institutions  spared  no  etforts  to  make  the  event  enjoyable  and  profitable. 
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Science  and  the  State.     By  Stanley  Coulter. 
PresideDtial  Address,  Indiana  Academy  of  Science,  December  30, 1896. 

I  recognize  the  fact  that  innovation  U  dangerous,  especially  when  it  involves 
an  attempt  to  give  definite  form  to  thoughts,  which  in  varying  degrees  of  distinct- 
ness are  common  property.  Yet,  despite  this  danger,  I  feel  constrained  to  depart 
somewhat  from  the  usual  line  of  presidential  addresses,  and,  instead  of  presenting 
a  paper  based  upon  research  work  or  upon  achievement  in  any  one  department  of 
ftcdence,  to  treat  in  somewhat  broad  lines  the  rehtion  of  science  to  the  St€Ue. 

I  trust  that  I  may  be  able  to  show  that  the  relation  is  one  which  involves 
duty — personal  and  associate — offers  opportunities  and  opens  splendid  possibili- 
ties.  I  am  led  to  this  course,  partially,  at  least,  in  the  hope  that  the  existing 
relation  between  the  Academy  and  the  State  may  be  shown  to  be  not  only  a  natural 
one,  but  one  of  extreme  mutual  advantage. 

Science,  as  every  other  branch  of  knowledge,  may  be  considered  from  two 
points  of  view,  and  the  view-point  has  much  to  do  with  the  aspect  she  wears.  To 
the  student  filled  with  the  scientific  spirit  the  truths  she  offers  are  not  only  inspira- 
tion, but  sufficient  reward.     In  no  other  guise  can  she  wear  so  fair  a  form. 

To  the  mass  of  humanity  science  is  beautiful  only  as  she  is  useful,  worthy  as 
she  is  helpful. 

I  am  one  who  stands  for  the  exceeding  strength  and  beauty  of  pure  science, 
who  believes  it  not  only  strong  and  beautiful,  but  fundamental,  the  nine  qua  non 
of  the  useful,  and  yet  as  one  who  is  forced  to  feel  that  perhaps  the  world  has 
gained  more  from  **  Dobbin"  than  from  *' Pegasus."  It  is  possible,  too,  that  you 
and  I  may  have  wrong  conceptions  of  just  what  is  meant  by  the  term  pure  science. 

The  old  monastic  idea  of  the  scholar  and  of  scholarship  still  persists.  It  finds, 
perhaps,  its  highest  utterance  in  Prof.  Woodrow  Wilson's  address  at  the  Princeton 
Sesquicentennial  celebration,  where  he  says  that  for  him  the  university  is — 

**A  place  removed — calm  science  seated  there,  recluse,  ascetic,  like  a  nun, 
not  knowing  that  the  world  passes,  not  caring  if  the  truth  but  come  in  answer  to 
her  prayer;  and  literature,  walking  within  open  doors  in  quiet  chaml>ers  with 
men  of  olden  time,  storied  walls  about  her  and  calm  voices  infinitely  sweet;  here 
*  magic  casements  opening  on  the  foam  of  perilous  seas  jn  fairy  lands  forlorn,'  to 
which  you  may  withdraw  and  use  your  youth  for  pleasure." 

It  finds  its  every-day  utterance  in  the  sneer  of  the  party  organ  at  the  scholar 
who  raises  his  voice  in  affairs  political,  and  in  the  expressed  l>elief  of  the  masses 
that  scholars  are  impractical  and  theoretical.     I  «*are  not  from  what  source  it  may 
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come  or  with  what  authority  it  may  be  voiced,  niich  a  conception  of  the  scholar 
and  of  scholarship  is  utterly  at  variance  with  existing  facts.  I  believe  this  to  be 
true  in  all  realms  of  thought.  I  know  it  to  be  true  in  the  realm  of  science.  The 
development  of  this  wonderfully  brilliant  and  complex  composite,  which  we 
call  modern  civilization,  has  been  due  to  the  interplay  of  many  factors,  and 
not  the  least  of  these  in  these  latter  days  has  been  science.  During  the  last 
decade,  indeed,  science  seems  to  have  been  the  dominating  factor  in  human 
affairs.  It  is  not  necessary  in  this  presence  to  recount  the  manifold  applications  of 
the  truths  of  science  to  the  afiairn  of  every-day  life.  Science  has  stretched  out 
her  hand  and  touched  transportation  and  manufactures  and  agriculture,  and  with 
the  touch  has  given  a  fuller  and  more  abundant  life.  She  has  gone  into  the  home 
and  municipality,  and  by  her  presence  has  minimized  the  dangers  of  disease. 
She  has  entered  the  office  of  the  physician  and  surgeon  and  given  a  power  that 
even  in  this  dav  of  wonders  seems  marvelous.  Her  influence  is  felt  in  school,  in 
philosophy,  in  church  and  is  surely,  though  perhaps  somewhat  slowly,  bringing 
these  threat  forces  into  a  closer  touch,  a  more  complete  harmony  with  the  life  that 
is.  Each  day  in  the  clear  light  of  the  truth,  given  as  the  rewards  of  her  devotees, 
clouds  of  superstition  and  ignorance  lose  form  and  vanish  into  nothingness. 

To  one  in  touch  with  science  and  her  achievements  she  seems  no  *'recttwe,"  no 
"(Mcc/M?,'*  very  little  **like  a  nuuj  not  knowing  that  the  world  pas^eSj"  but  rather  as  a 
virile  force  pervading  the  world  in  all  of  its  affairs,  a  force  as  potent  as  pervading. 

And  yet  in  spite  of  this  broad  view  there  exists  in  our  own  oases  even  a 
somewhat  natural  tendencv  to  withdraw  from  the  affairs  of  common  weal  into  the 
shell  of  specialty.  We  justify  this  withdrawal  by  some  plea  of  "truth  for  truth's 
sake ''or  talk  learnedly  about  "pure  science"  as  if  it  were  a  thing  apart  from 
human  affairs.  The  fact  plainly  stated  is,  that  science  has  not  done  as  much  for 
the  State  as  it  should.  I  do  not  refer  especially  to  Indiana  and  the  scientist  of 
Indiana,  but  to  science  and  the  State  in  the  broadest  possible  application  of  the 
terms. 

The  monastic  idea  has  prevailed  too  largely  among  scientists,  and  science  has 
not  done  its  full  duty  by  the  State.  Do  not  imagine  for  a  moment  that  I  am 
tacitly  admitting  the  converse  of  the  statement  that  the  State  is  doing  for  science 
more  than  it  merits.  The  failure  in  duty  is  mutual.  Science  has  largely  failed 
to  seize  her  opportunities;  the  State  has  almost  utterly  failed  to  utilize  one  of  her 
most  potent  forces.  Many  things  have  conspired  to  bring  about  this  state  of  af- 
fairs, one  no  doubt,  that  somewhat  vague  something  known  as  "  practical  poli- 
tics." Another,  equally  vague  ideas  on  the  part  of  scientists  as  to  what  science 
can  do  for  the  State. 
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I  may  premise  by  saying  that  the  State  as  a  rule  can  not  deal  in  intellectual 
futures.  It  can  not  or  should  not  make  appropriations  for  investigations  to  run 
through  long  series  of  years,  the  ultimate  outcome  of  which  is  merely  the  solution 
of  some  scientific  problem.  To  the  scientist  such  problems  are  of  the  profound- 
est  interest,  their  solution  seems  to  him  of  almost  paramount  importance,  and  yet 
a  moment's  reflection  will  serve  to  show  that  the  State  can  not  properly  provide 
for  such  work.  The  State  has  to  deal,  not  with  the  general  problems  of  science, 
save  as  they  are  applicable  to  immediate  needs,  but  with  the  welfare  of  her  citi- 
zens. Welfare  being  a  term  under  present  conditions,  which  seems  to  be  largely 
material  in  its  interpretation,  incidentally  intellectual,  remotely  moral. 

If  I  am  right  in  this  view,  it  follows  that  the  first  duty  of  science  to  the  State 
is  the  development  and  protection  of  her  material  resources.  This  may  appear,  at  first, 
a  lowering  of  the  high  ideals  many  of  us  hold,  and  yet  as  we  increase  the  resources 
of  our  commonwealth,  we  manifestly  increase  the  possibility  of  the  attainment  of 
our  high  ideals.  *' Untoward  circumstances"  has  blighted  many  a  scientific  as- 
piration. An  increase  in  material  prosperity  is  the  shortest  cut  to  an  increase  in 
the  intellectual  activity  and  development  of  the  State.  As  intellectaal  activity  is 
increased,  the  constituency  appreciating  the  value  of  scientific  work  increases, 
opportunities  broaden  and  achievement  is  possible.  I  am  inclined  to  think  that 
the  duty  to  increase  and  conserve  the  material  resources  of  the  State  may  be  found 
to  be  the  all  inclusive  duty  of  science,  since  if  thoroughly  done,  all  other  desired 
conditions  will  naturally  follow.  To  become  concrete.  For  a  long  series  of  years 
the  State  has  maintained  a  geological  survey.  I  believe  that  in  spite  of  the  num- 
erous criticisms  that  can  justly  be  made  upon  the  published  reports,  no  wiser  or 
more  productive  expenditure  of  public  moneys  has  been  made.  If  all  conditions 
are  considered,  limitations  of  opportunity,  uncertain  and  meagre  appropriations, 
illogical  selection  of  the  ofiiicial  chief  by  popular  vote,  control  over  the  extent  and 
character  of  the  reports  by  committees  and  the  sundry  other  stumbling  blocks  in 
the  way  of  the  highest  efficiency,  the  results  are  surprisingly  good.  As  individ- 
uals and  as  an  association,  I  believe  we  have  failed  in  our  duty  to  the  State  as 
regards  these  publications.  It  goes  without  saying  that  the  work  of  the  State 
Geologist  would  have  been  made  infinitely  simpler,  that  his  reports  would  have 
had  a  higher  value  if  he  had  received  during  the  past  ten  years  the  hearty  indi- 
vidual and  associate  co-operation  of  this  Academy.  We  have,  in  a  degree,  lost 
an  opportunity  to  make  science  and  the  scientist  a  factor  in  the  material  advance 
of  the  State. 
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In  my  opinion  the  tirst  duty  of  the  members  of  this  Academy  is  a  complete 
study  of  the  material  resources  of  the  county  in  which  they  reside.  Not,  for  ex- 
ample, a  list  of  flowers,  unless  it  is  indicative  of  soils,  of  drainage,  of  forest 
wealth,  of  forage  resources,  of  the  numerous  facts  of  which  the  list  stands  as  in- 
dex. Not  a  mere  list  of  birds,  or  flsh,  or  insects,  interesting  though  such  lists  be, 
but  the  conditions  of  which  they  stand  as  the  visible  sign.  Not  catalogues  of 
fossils,  nor  sections  of  wells,  save  as  they  speak  of  mineral  resources,  of  what  may 
be  called  the  unutilized  wealth  of  the  State.  This  material  should  be  furnished 
to  the  State  Geologist  for  proper  correlation  and  use.  The  Academy  has  enough 
work  of  other  character,  of  equal  value  to  turn  all  of  this  material  over  to  the 
State  Geologist. 

These  facts  in  the  hands  of  individuals  are  practical.'y  valueless,  usually 
travelling  into  a  swift  and  secure  oblivion  through  the  columns  of  a  county  paper 
or  the  introduction  to  a  county  atlas.  In  the  hands  of  the  State  Geologist  these 
same  facts  would  often  prove  of  supreme  importance,  saving  weary  hours  of  study 
and  laborious  trips  of  investigation.  Within  the  year  such  a  wealth  of  facts  con- 
cerning the  resources  of  the  State  could  be  collected  without  especial  effort  on  the 
part  of  any  one  person,  that  many  conclusions  could  be  drawn  with  almost  abso- 
lute precision.  Conclusions  that  would  serve  to  develop  new  industries  on  the 
one  hand,  or  prevent  the  useless  expenditure  of  thousands  of  dollars  on  the  other. 
I  say  it  is  a  duty  you  and  I  owe  the  State — we  have  always  owed  it,  but  the  duty 
is  now  an  imperative  one  since  the  State  has  given  official  recognition  to  this 
organization. 

Another  dutv  is  in  the  conservation  of  the  wealth  of  the  State.  A  collation 
of  facts  that  will  tend  to  the  conservation  of  forests,  to  the  destruction  of  weeds, 
the  protection  of  birds  and  fish,  the  warding  of!  of  plant  and  animal  diseases, 
improved  sanitation  in  homes  and  municipalities,  the  increase  of  crop  production. 
All  of  these  are  within  the  domain  of  science,  and  it  is  only  through  the  labors 
of  scientists  that  success  will  be  achieved.  No  one  has  a  higher  and  more  pro- 
found respect  for  pure  science  than  I.  No  one  feels  more  deeply  the  truth  that 
pure  science — the  theoretical,  if  you  please — must  precede  the  practical;  is,  in- 
deed, the  foundation  of  the  practical.  But  if  science  expects  to  justify  herself  to 
the  State,  and  hopes  for  continued  recognition  by  the  State,  she  must  from  time 
to  time,  at  least,  descend  from  the  heights  of  pure  science  and  mingle  in  the 
affdirs  of  daily  life.     She  must  not  always  claim;  she  must  occasionally  do. 

This  duty  of  developing  an<l  conserving  the  material  resources  of  the  State  I 
l>elieve  to  be  an  imperative  one,  and  one  which,  unfulfilled,  leaves  us  culpably 
derelict. 
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But  the  duty  of  science  to  the  State  does  not  cease  with  the  discovery  of 
truth.  It  extends  to  its  dissemination  in  a  fairly  intelligible  language,  with  suf- 
ficient suggestions  as  to  its  relations  to  make  it  practically  useful.  In  this  matter, 
too,  I  claim  that  science  has  neglected  manifest  duty  to  her  own  injury.  Either  we 
liave  been  held  back  by  modesty,  not  usually  considered  an  attribute  of  scientists, 
and  refrained  from  publication,  or  we  have  sought  publication  in  some  journal  of 
hi^h  rank  in  our  own  lineof  work,  butof  extremely  limited  circulation.  When  forced 
by  occasion  to  use  other  media  for  relieving  intellectual  congestion,  the  articles  so 
bristle  with  technicalities  and  multiplied  allusions  to  German  and  French  and 
Kushian  and  Italian  authorities  that  the  hopeful  neophyte  turns  pale  and  the  man 
of  affairs,  eager  to  see  what  science  has  in  btore  for  him,  turns  away  in  disgust. 
As  a  rule,  when  called  upon  for  a  popular  presentation,  a  primer  style  is  adopted, 
from  which  an  intelligent  public  turns  with  equal  disgust.  That  the  statements 
of  science  in  certain  presentations  must  have  technical  precision  no  one  ques- 
tions, and  these  presentations  have  their  place  in  technical  journals;  but  Hurely, 
after  the  technical  language  has  been  stripped  off,  and  the  curves  of  this  and  that 
and  the  other  have  been  eliminated;  when  the  foot-notes  have  all  been  dropped 
and  the  ready  familiarity  of  the  author  with  all  languages  lost  sight  of,  there 
should  be  some  small  residuum  of  truth  capable  of  interpretation  into  every-day 
language.  It  is  this  residuum  of  truth,  clearly  put,  with  relations  definitely 
stated,  that  science  should  disseminate.  It  is  this  that  will  give  standing  and 
credit  among  the  people,  and  until  such  credit  is  gained  scientists  will  find  them- 
selves hampered  at  every  turn  by  the  wearisome  iteration,  impractical — theoret- 
ical. It  is  this  dissemination  of  a  true  science  in  a  popular,  not  puerile  form, 
that  \6  needed  above  all  things.  It  is  needed  that  our  citizens  may  have  a 
knowledge  of  all  that  class  of  facts  which  intimately  concern  their  daily  life, 
that  they  may  know  the  limitations  nature  has  placed  about  their  efforts — may 
know  the  possibilities  she  opens  before  them;  that  they  may  have  awakened  in 
them  the  knowledge  that  through  their  efforts  and  observations  new  truths  may 
be  discovered  which  will  become  the  heritage  of  their  children.  I  am  convinced 
that  scientists  have  much  to  answer  for  because  of  this  failure  in  duty.  I  am 
eciually  convinced  that  they  have  been  repaid  doubly  for  all  of  their  sins  of 
omission,  in  the  almost  universal  lack  of  appreciation  of  the  character  and  im- 
portance of  their  work.  This  accurate  popularization  of  scientific  truth  is  abso- 
lutely necessary  if  our  work  as  scientists  and  as  an  Academy  is  taken  at  its  full 
value.  Did  you  ever  think  of  it?  Appropriations  for  proceedings  of  societies  of 
liortieulture,  of  agriculture,  of  swine-breeders,  of  chicken  raisers,  of  bee-keepers, 

of  tile-makers,  without  question,  but  grave  doubts  as  to  the  publication  of  the 
I 
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proceedingiS  of  the  Academy  of  Science  because  of  lack  of  practicality!  If  there 
is  one  practical  thing  in  the^e  days  of  ours  it  is  science;  if  there  is  one  lorm  of 
truth  which  more  than  all  others  underlies  and  pervades  all  our  industries,  it  is 
scientific  truth ;  if  there  is  one  form  of  knowledge  which  more  than  any  other  seems 
t  J  condition  public  prosperity — even  to  condition  duration  of  life — it  is  scientific 
knowledge.  It  isa  startlingcommentaryontheneglectof  dutyof  men  of  science  that 
in  these  last  yearsof  this  century  of  scientific  achievements,  achievements  which  year 
by  year  become  more  marvelous,  more  wide-reaching  in  their  efl'ects;  when  achieve- 
ment seems  only  limited  by  man's  daring,  to  hear  solemn  discussion  as  to  the 
practical  value  of  scientific  publication.  The  truths  of  science  that  are  funda- 
mental, the  practical  application  of  these  truths,  should  be  the  common  property 
of  every  man  and  woman,  of  every  school  child,  in  the  State.  The  scientist 
should  be  nature's  interpreter  to  the  people.  Too  often  he  has  merely  striven  to 
interpret  himself  to  others  of  his  kind.  I  repeat  that  this  Academy  as  a  body, 
and  through  its  members,  owes  the  duty  to  the  State  of  disseminating  scientific 
truth  in  a  straightforward,  clear-cut  way,  that  the  people  may  have  i)Ut  into  their 
hands  all  of  the  truths  of  science  which  have  immediate  practical  bearing.  If  a 
man  who  accumulates  monev  hoards  it  he  is  a  mean  man,  a  miser.  The  man 
who  lu-cumulates  useful  knowledge  and  hoards  it  is  infinitely  meaner  than  the 
miser. 

.\mong  the  best  intentioned  educational  movements  in  secondary  schools 
during  the  last  few  years  has  been  that  which  has  introduced  nature  study  into 
the  grailes.  Following  the  letter  of  the  recommendation  of  the  committee  of  ten, 
the  spirit  of  the  recommendation  has  often  been  utterly  overlooked.  Nature 
study  has  been  so  associated  with  language  and  number  and  form  studies  that 
nature  has  flown  out  of  the  window,  while  number  and  language  and  form 
remained.  Where  the  intention  is  most  honest,  the  work  is  imperfectly  co-ordi- 
nated, without  sequence,  practically  without  purpose.  The  real  aim  of  scientific 
studv  seems  often  utterly  misconceived,  for  science  work  consists  not  in  the  mere 
colle<*tion  and  pigeon-holing  of  facts,  but  in  the  development  and  strengthening  of 
certain  specific  intellectual  powers.  It  is  evident  that  this  state  of  aff-iirs  exists 
because  scientists  have  not  suflicientlv  concerned  themselves  in  the  movement  to 
bring  it  success.  A  movement  which  promises  so  much  for  the  symnietrical 
intellectual  development  of  the  youth  of  the  State,  which  promises  so  much  for 
science  itself,  is  surely  of  sufficient  importance  to  merit  some  attention  from  every 
true  scientist  and  systematized  and  wiselv  directed  efforts  for  its  success  bv  this 
Academy  as  a  body.  My  position  is,  that  this  Academy  should  stand  for  the 
combined  wisdom  of  its  memliers  in  all  matters  scientific  which  pertain  to  the 
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common  weal,  and  that  its  views  in  all  such  matters  should  be  so  voiced  as  to 
carry  the  influence  such  combined  wisdom  and  experience  merits.  I  believe,  then, 
that  as  individuals,  and  as  an  associate  body,  we  owe  a  definite  duty  to  the  State 
in  the  wise  fostering  of  all  efforts  to  increase  the  amount  and  improve  the  quality 
of  the  science  work  in  our  secondary  schools.  It  may  be  urged  that  all  of  this  is 
beyond  the  province  of  this  body.  As  I  conceive  the  province  of  science,  how- 
ever, such  duties  as  I  have  indicated  seem  the  most  natural  and  forceful  way  of 
showing,  even  to  the  veriest  gradgrind,  the  very  close  and  eminently  practical 
relationship  existing  between  science  and  the  State. 

All  I  have  said  implies  that  the  scientist  recognizes  himself  as  a  loyal  citizen 
of  the  State  in  which  he  works,  and  that  he  is  as  jealous  of  her  honor,  as  careful 
for  her  prosperity,  as  watchful  over  her  interests  a«  the  man  who  edits  a  news- 
paper, who  practices  law  or  runs  for  office.  But  where  the  monastic  idea  prevails, 
where  the  laboratory  so  absorbs  that  he  loses  sight  of  his  citizenship,  he  is  derelict 
in  dutv  and  discredits  science. 

<  >n  the  other  hand,  the  State,  through  her  legislators,  may  be  said  to  owe  cer- 
tain duties  to  science.  One  of  the  most  patent  of  these  is  official  recognition  of 
the  value  of  scientific  work  to  the  State.  From  the  days  of  the  New  Harmony 
Settlement,  when  Indiana  was  the  Mecca  of  all  the  Scientists  of  the  land,  when 
the  Owens  and  Say  and  Lesquereux  and  others  were  not  only  revealing  the 
natural  wealth  of  the  virgin  State,  but  were  adding  lustre  to  her  intellectual 
record,  down  to  the  present  time  has  science  and  the  scientist  done  much  for  the 
State.  The  exploitation  of  our  coals,  of  our  stone  quarries,  of  our  clays,  of  our 
forest  resources,  with  the  development  of  the  industries  dependent  upon  them, 
has  been  based  directly  upon  the  work  of  the  scientist.  As  the  result  of  ihe  study 
of  farm  products,  of  plant  and  animal  diseases  and  their  remedies,  of  soils  and 
fertilizers,  thousands  of  dollars  annually  have  either  been  saved  to  the  State  or 
added  directly  to  its  wealth.  In  manifold  ways,  without  withholding,  has  science 
given  largely  and  liberally  to  the  State.  It  would  seem  but  a  natural  thing  in 
view  of  such  a  record  for  the  State  to  assume  that  science  still  had  something  in 
store  for  her;  to  assume  that  when  she  spoke  her  utterances  would  have  value. 
It  would  seem  but  a  just  thing  when  the  scientists  of  the  State  are  a.ssociated  to- 
gether and  have  organized  definitely  for  an  increase  of  knowledge  of  the  resources 
of  the  State  to  at  least  provide  for  the  publication  of  this  knowledge.  It  would 
seem  to  be  the  high- water  mark  of  practicality  as  well  as  economy  to  secure  some- 
thing for  nothing.  The  worker  has  the  satisfaction  of  work  well  done,  the  State 
all  the  results  of  his  labor. 
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Points  of  view  vary,  however,  and  what  may  seem  just  and  generous  to  the 
scientist,  may  not  have  such  a  fair  seeming  to  the  legislator.  But  I  believe  that 
an  honest  and  intelligent  study  of  the  contributions  of  science  to  the  material 
wealth  and  intellectual  development  of  the  State  will  furnish  a  sufficient  warrant 
for  the  views  advanced. 

The  obvious  way  in  which  this  official  recognition  could  be  given  objective  form 
is  in  a  permanent  appropriation  for  the  publication  of  the  proceedings  of  this  Acad- 
emy— an  appropriation  sufficiently  liberal  to  insure  the  proper  presentation  of 
its  work.  The  expense  would  be  most  trivial  compared  with  the  results  such 
action  would  secure.  Results  which  would  extend  beyond  the  material  and  would 
powerfully  upbuild  and  support  the  educational  system  of  the  State.  It  seems  to 
me  that  a  failure  to  utilize  such  an  agency  is  inexcusable.  I  believe  that  if  there 
were  no  material  interests  involved,  the  proper  encouragement  of  scientiHc  inves- 
tigation, regarded  from  a  purely  intellectual  standpoint  and  because  of  its  reflex 
influence  upon  the  character  of  the  instruction  in  the  secondary  schools,  is  within 
the  province  of  the  State  and  may  fairly  be  classed  as  one  of  its  duties.  The 
history  of  such  action  and  its  results  in  other  States  serves  to  emphasize  this  view. 
I  am  not,  however,  so  much  interested  in  the  duty  of  the  State  to  science  as  in  the 
converse,  and  feel  in  nowise  moved  to  instruct  legislators  in  their  duties. 

If,  however,  there  is  a  full  recognition  of  the  mutual  oblif^atious  existing 
between  science  and  the  State,  then  the  organization  of  this  Academy  opens  wide 
the  gate  of  opportunity. 

Before  suggesting  these  opportunities,  allow  me  to  say  that  I  believe  that, 
perfect  as  is  our  organization,  it  can  be  made  far  more  pn)du«'tive  of  results  by  a 
proper  co-ordination  and  distribution  of  work.  There  are  certain  investigations 
which  can  not  be  made  by  individual  workers  which  can  easily  be  carried  on  in 
the  lab<»ratories  of  the  colleges.  There  are  other  investigations  which  can  only 
be  carried  to  a  successful  conclusion  by  the  co-operation  of  many  persons  or  in 
some  cases  of  several  colleges.  It  is  one  of  the  most  difficult  things  in  the  world 
to  recognize  the  limitations  our  environment  imposes  upon  us,  but  a  failure  to 
recognize  such  limitations  leads  often  to  a  sad  wjiste  of  energy.  To  properly 
utilize  the  energy  of  the  Academy  there  should  be  a  co-ordination  of  the  scientific 
work  of  the  State  ai  such  a  character  as  would  at  least  prevent  overlapping  and 
valueless  repetition,  as  would  give  the  individual  worker  his  proper  field,  thus 
freeing  the  larger  laboratories  for  the  broader  problems  demanding  for  their  so- 
lution large  equipments  and  libraries.  Apparently,  the  only  thing  that  stands  in 
the  way  of  such  co-operation  and  such  a  practical  distribution  of  work  is  the  de- 
sire most  of  us  have  to  pose  as  past  masters  of  science.     Is  it  too  much  to  say  a 
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feeling  of  jealously,  a  fear  lest  some  other  worker  will  gain  more  of  reputation  or 
popular  favor?  I  much  fear  me  that  were  we  fully  truthful  with  ourselves  some 
slight  leaven  of  professional  jealousy  might  he  found  working  in  our  actions.  It 
seems  clear  to  me — very  clear  indeed — that  before  we  can  properly  seize  the  op- 
portunities oflTered,  there  must  be  some  practical,  though  not  necessarily  formal 
co-ordination  of  work. 

Take  the  opportunities,  for  concerted,  co-ordinated  work  in  a  single  science 
and  notice  how  great  their  practical  as  well  as  theoretical  value.  There  are  cer- 
tain natural  resources  of  the  State  which  may  be  materially  developed  in  some 
instances,  or  have  their  utility  greatly  increased  in  others,  by  full  and  complete 
chemical  studies.  Perhaps  that  of  the  greatest  importance  from  a  commercial 
standpoint  is  the  thorough  and  complete  investigation  of  the  clay  deposits 
of  the  State.  I  will  be  pardoned  for  saying  that  T  think  that  the  last  vol- 
ume of  the  Geological  Reports  fully  justifies  all  the  grants  ever  made  to  the 
survey  by  the  preliminary  investigation  of  the  clay  deposits  of  the  coal  bear- 
ing counties.  The  certain  outcome  of  the  work  is  the  rapid  development  of  new 
industries,  based  upon  this  formerly  unutilized  resource,  which  will  annually 
produce  thousands  of  dollars  in  excess  of  all  appropriations  ever  made  for  the 
survey.  But  this  investigation  has  but  begun,  and  a  full  knowledge  of  the  clay 
deposits  will  only  be  possible  after  many  years,  unless  there  be  in  the  various 
laboratories  of  the  State  full  and  complete  studies  made  of  the  possibilities  of 
these  clays  in  various  directions.  Some  are  fitted  specially  for  tile,  some  for 
paving  brick,  some  for  building  brick,  some  for  pottery,  special  uses  which  can 
only  bo  determined  by  studies  in  the  chemical  laboratory  or  by  the  costly  experi- 
ments of  actual  manufacture.  From  work  of  this  character  would  naturally  fol- 
low monographic  work  upon  the  chemical  problems  involved  in  the  successive 
steps  in  the  manufacture  of  each  of  these  various  products.  Such  work  would 
give  almost  immediate  return  and  would  appeal  to  a  much  larger  constituency 
than  the  scientist  can  usually  hope  to  reach. 

In  the  line  of  increasing  the  utility  of  resources  already  developed,  it  is  evi- 
dent that  chemical  investigations  would  reveal  many  ways  in  which  our  ("oal  and 
gas  and  oil  might  be  made  to  yield  even  richer  returns  than  at  present. 

That  an  intimate  relationship  exists  between  public  prosperity  and  public 
health  is  no  longer  questioned.  It  is  a  matter  of  popular  knowledge,  which  is 
taking  form  in  the  various  voluntary  and  legalized  organizations  for  the  improve- 
ment of  sanitary  conditions  in  homes  and  municipalities.  This  movement  sug- 
gests another  opportunity  for  concerted  chemical  work  bearing  upon  these  grave 
problems.     No  more  valuable  work  for  the  State  could  be  carried  out  than  that  of 
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a  chlorine  Burvey  of  the  natural  waters  of  the  streams  and  springs  of  the  State. 
A  knowledge  of  the  local  normal  chlorine  in  the  natural  waters  of  the  State  is 
almost  a  necessity^  if  outbreaks  of  disease  are  to  be  anticipated.  Any  sudden  in- 
crease in  the  amount  of  chlorine  in  a  given  locality,  would  give  warning  of  possible 
danger  and  serve  to  give  direction  to  the  efforts  of  health  officers  in  averting 
disease  from  their  districts.  A  chlorine  map  of  the  State  is  a  necessity  for  its. 
proper  sanitary  control  and  this  work  can  only  be  done  satisfactorily  and  rapidly  by 
the  concerted  work  of  an  organization,  such  as  this  Academy.  After  the  establish- 
ment of  this  chlorine  base  line  there  would  still  be  necessary  the  regular  ezamina- 
tion  of  water  supplies  for  pur)ioses  of  comparison,  which  could  be  done  in  almost 
every  case  by  the  local  health  officer.  Without  this  base  line  chemical  analyses  of 
water  lose  much  of  their  meaning. 

Correlated  naturally  with  this  would  be  the  general  examination  of  water  in 
epidemic  districts,  the  immediate  benefits  of  which  are  self-evident. 

The  mineral  waters  of  the  State  open  another  field  of  chemical  research  work^ 
attractive  and  of  evident  value.  It  is  manifest  that  in  the  working  out  of  prob- 
lems, such  as  these,  covering  the  whole  area  of  the  State,  there  should  be  the 
most  careful  co-ordination,  the  most  perfect  division  of  labor.  It  does  not  seem 
to  me  that  such  work  is  beyond  the  province  of  the  Academy,  indeed  it  seems  to 
be  its  supreme  province  so  far  as  its  relation  to  the  State  is  concerned. 

Since  I  am  speaking  of  chemical  research,  allow  me  to  suggest  that  much  yet 
remains  to  be  known  of  the  chemistry  of  the  soils  and  rocks  of  the  State,  much 
that  must  be  known  if  in  the  near  future  we  reach  the  apotheosis  of  usefulness, 
which  some  one  says  consists  of  making  two  blades  of  grass  grow  where  one  had 
grown  before. 

The  plant  world  also  offers  to  chemistry  opportunities  for  investigation  iD 
lines  not  merely  of  theoretical  interest,  but  of  high  practical  value.  The  exami- 
nation of  vegetable  products — for  example,  of  plants  producing  sugar,  tannin, 
medicinal  properties,  etc.  How  much  of  unutilized  wealth  is  at  our  feet,  bound 
up  in  plants,  only  waiting  the  word  of  science  for  its  release.  It  is  said  that  one 
of  our  smart  weeds  ( Polygonum  amphibirem),  a  common  plant  in  marsh  regions,, 
contains  18  percent.,  by  weight,  of  tannin^,  an  amount  sufficient,  if  the  statement 
is  true,  to  justify  at  least  an  attempt  to  utilize  it  for  commercial  purposes.  This 
is  but  an  illustration  of  scores  of  cases  which  might  be  cited  to  show  the  possibili- 
ties of  this  form  of  work. 

It  is  strange  when  we  consider  the  length  of  time  scientists  have^  been  at  work 
in  the  state,  that  there  is  so  little  of  actual  knowledge  concerning  its  topographical 
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features,  and,  stranger  still,  of  its  drainage  systems.  In  a  general  way  we  recog- 
nize the  lowlands  of  the  State  are  located  in  the  southwestern  counties,  while  the 
highland  regions,  if  they  can  he  dignified,  are  in  the  eastern-central  counties;  we 
know  there  are  chains  of  hills  in  the  south  and  prairies  in  the  north,  but  beyond 
these  facts  we  know  very  little. 

We  are  familiar  with  the  two  great  drainage  systems  of  the  State,  but  of  the 
minor  details  essential  in  the  working  out  of  local  problems  we  have  absolutety 
no  data — at  least  none  that  are  at  all  available.  In  an  attempt  last  year,  in  the 
sanitary  laboratories  at  Purdue,  to  make  a  contour  map  of  the  State,  the  paucity 
of  data  was  strikingly  apparent.  Had  it  not  been  for  the  railroad  levels,  not 
even  an  approximation  could  have  been  reached.  It  is  not  necessary  to  say  more 
than  that  a  moment's  reflection  will  suggest  the  far-reaching  application  and  value 
of  this  work.  It  is  also  manifest  that  the  accomplishment  of  such  work  is  only 
possible  through  the  intelligent  co-operation  of  the  members  of  a  body  such 
as  this. 

I  have  purposely  omitted  thus  far  any  mention  of  the  opportunities  that  open 
to  biolopfists.  From  my  point  of  view  they  are  so  numerous  and  of  such  impor- 
tance that  they  are  almost  pelf-evident.  Fields  that  have  already  been  entered  show 
themselves  broadening  as  the  work  advances.  And  the  work  already  done  sug- 
gests yet  further  worlds  for  conquest.  The  biologist  still  has  much  to  do  in  the 
line  of  plant  and  animal  diseases,  infinitely  more  in  the  line  of  sanitation.  The 
accomplishment  of  yesterday  in  these  lines  serves  merely  as  the  incentive  for  the 
work  of  to-day.  There  is  little  danger  that  work  of  this  character  will  be  neg- 
lected. There  are,  however,  other  problems,  the  solution  of  which  depends  upon 
a  patient  gathering  of  facts  almost  innumerable,  and  an  equally  patient  study  of 
these  facts  in  their  true  relations — problems  which  by  their  mere  statement  carry 
little  idea  of  their  real  importance.  Systematic  botany  has,  I  presume,  in  the 
opinion  of  most  people,  about  as  little  to  do  in  the  realm  of  practical  affairs  as 
any  branch  of  knowledge.  Such  an  opinion  is  doubtless  true  if  systematic  botany 
consists,  as  is  the  popular  conception,  in  the  mere  cataloguing  and  naming  of 
plants.  The  systematic  botany  of  to-day  is,  however,  far  more  than  this;  it 
involves  studies  of  plants  in  their  relations  to  soil  and  rainfall,  to  heat  and  light, 
to  air  and  mechanique,  to  each  other,  to  animal  life.  More  and  more  clearly  out 
of  the  great  masses  of  facts  being  collected  in  ecological  studies  is  the  truth  be- 
coming apparent  that  plants  stand  as  the  sure  sign  of  the  natural  agricultural 
capacity  of  the  soil  upon  which  they  grow. 

Allow  me  to  quote  from  Mr.  Corille's  ^^ Botany  of  the  Death  VaUey  Expeditioii^^* 
a  report,  which  is  a  model  in  every  way.     After  showing  that  trees  and  shrubs 
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are  most  reliable  as  zonal  guides,  he  says:  ^'Shrubs  and  trees,  being  com- 
monly larger  than  herbaceous  plants,  reach  higher  into  the  air  and  penetrate 
more  deeply  into  the  soil,  thereby  subjecting  themselves  to  a  wider  range  of  con- 
ditions than  do  these  smaller  plants.  They  also,  by  continuing  throughout  the 
year  exposed  to  successive,  varying  seasonal  conditions,  complete  the  full  round 
of  their  possibilities  in  environment.  They  therefore  stand  as  the  most  complete 
summation  that  can  be  attained  of  the  natural  light,  heat,  moisture,  food,  air  and 
mechanique  of  any  area;  in  other  words,  a  sure  index  of  the  natural  agricultural 
capacity  of  the  soil  upon  which  they  grow.  From  a  utilitarian  point  of  view,  too- 
much  stress  can  scarcely  be  laid  upon  this  fact.  It  has  been  the  practice  of  agri- 
culturists to  gauge  the  capacity  of  soils,  in  regions  new  to  the  plow,  by  observa- 
tions on  rainfall,  temperature,  cloudiness,  chemical  composition  of  the  soil, 
drainage,  and  many  other  phenomena,  or  by  the  even  more  laborious  process  of 
experimenting  on  every  farm  with  each  kind  of  cultivated  product;  ignoring  the 
fact  that  this  determination  can  be  greatly  hastened,  cheapened,  and  authenticated 
by  correlating  the  natural  vegetation,  especially  that  made  up  of  the  trees  and 
shrubs,  with  that  of  other  regions,  whose  agricultural  capacities  are  known. '*^ 

A  careful  gathering  of  facts  of  the  character  indicated  regarding  our  native 
flora  would  not  only  give  results  of  the  highest  practical  value,  but  would  also- 
serve  in  a  great  measure  to  relieve  chemists  and  agriculturists  of  irksome  work, 
the  results  of  which  at  best  could  be  of  but  local  value.  In  this  broader  view 
even  systematic  botany  has  opened  before  it  a  splendid  opportunity,  for  I  know 
to  my  sorrow  how  few  facte  of  this  kind  are  available.  Here,  also,  it  is  evident 
that  data  sufficiently  extended  can  only  be  secured  through  intelligent  co-opera- 
lion  of  botanists  throughout  the  State.  No  more  attractive  field  offers;  none  in 
which  the  prospect  of  valuable  returns  is  more  promising. 

A  recent  article  in  Nature^  by  M.  T.  Masters,  abstracted  in  the  Popular 
Science  Monthly  for  October,  189(),  on  **  Plant  Breeding,"  is  also  suggestive  of 
work  of  great  practical  value  along  botanical  lines.  (Quoting  briefly:  "The 
natural  capacity  for  variation  of  the  plant  furnishes  the  basis  on  which  the  breeder 
has  to  work,  and  this  capacity  varies  greatly  in  degree  in  diflerent  plants,  so  that 
some  are  more  amenable  and  pliant  than  others.  The  trial  grounds  of  our  great 
seedsmen  furnish  object  lessons  of  this  kind  on  a  vast  scale.  The  two  processes 
(selection  and  cross-breeding)  are  antagonistic.  On  the  one  hand,  every  care  is 
taken  to  preserve  the  breed  and  to  neutralize  variation  as  far  as  possible,  so  that 
the  seed  may  "come  true ;**  on  the  other  hand,  when  the  variation  does  occur  the 
observation  of   the  grower  marks  the  change,   and   he  either  rejects  the  plants 
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manifesting  it  as  a  ^^rogtie^^  if  the  change  is  undesirable,  or  takes  care  of  it  for 
further  trial  if  the  variation  holds  out  promise  of  novelty  or  improvement.  Where 
the  flowers  lend  themselves  readily  to  cross-fertilization  by  means  of  insects,  it  is 
essential,  in  order  to  maintain  the  purity  of  the  offspring,  to  grow  the  several 
varieties  at  a  very  wide  distance  apart.  Some  apparently  slight  variations,  which, 
even  to  the  trained  botanist,  are  hardly  noticeable,  may  be  of  great  value  commer- 
cially—as, for  instance,  of  two  apparently  almost  identical  varieties  of  wheat,  one 
may  be  much  better  able  to  resist  mildew  and  diseases  generally  than  another; 
some  again  prove  to  be  better  adapted  to  certain  soils,  or  for  some  climates, 
than  others;  some  are  less  liable  to  injury  from  predatory  birds,  and  so  on. 
So  far  we  have  been  alluding  to  variations  in  the  plant  as  grown  from  the  seed, 
but  similar  changes  are  observable  in  the  ordinary  buds,  and  gardeners  are  not 
slow  to  take  advantage  of  these  variations.  The  field  is  one  of  great  scientific  as 
well  as  commercial  interest,  and  a  thoroughly  equipped  biologist  would  probably 
soon  distance  the  ordinary  gardener  who  works  by  rule  of  hand  in  producing  and 
perpetuating  valuable  variations."* 

This  audience  will  carry  the  thought  of  opportunity  into  other  lines  of  scien- 
tific work  without  additional  detail.  The  zoologists  are  hard  at  work,  under  care- 
ful organization,  and  will  at  this  meeting  show  something  of  the  scope  of  their 
work,  with  the  results  already  reached.  The  engineers,  with  all  their  energies, 
have  as  yet  been  unable  to  fully  occupy  their  territories,  so  manifold  are  their 
fields  for  investigation. 

All  that  I  have  suggested  involves  no  neglect  of  pure  science.  Neither  does 
it  necessarily  involve  the  abandoning  of  work  which,  with  our  present  knowl- 
edge, seems  purely  theoretical.  It  does  not  suggest  the  introduction  of  the 
mercenary  or  utilitarian  idea  into  scientific  work.  It  is  only  an  intimation  of 
how,  by  a  judicious  and  well-ordered  treatment  of  what  may  be  called  the  by- 
products of  our  activity  much  good  may  be  accomplished  for  science,  much  for 
the  State.  As  the  manufacturer  often  finds  that  the  careful  utilization  of  the 
by-products  conditions  success,  so  the  scientist  may  find  that  his  success  depends 
upon  his  contributions  to  the  general  good.  Every  truth  will,  of  course,  at  some 
time  take  its  appointed  place  and  be  assigned  its  true  value ;  but  many  truths  of 
science  as  yet  stand  isolated — unrelated,  marvelous  products,  often,  of  skill  and 
patience,  but,  until  they  find  their  true  place,  of  little  general  interest.  Through 
facts  such  as  these  scientist  may  appeal  to  scientist,  but  it  is  through  simpler  facts 
of  readier  application  that  science  appeals  to  the  State. 
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I  have  thus  in  the  broadest  lines  indicated  what  seemed  to  me  some  of  the 
evident  duties  of  the  Academy  to  the  State,  and  what  seemed  to  be  opportunities 
for  increasing  its  value  to  the  State.  All  are  dependent  upon  the  combined  work 
of  many  individuals.  Few,  if  any,  can  be  accomplished  save  through  an  organ* 
ization  such  as  this. 

I  look  over  the  seoondarv  schools  of  the  State  and  find  that  the  teachers  of 
science,  with  few  exceptions,  are  poorly  paid;  that  science  courses  are,  almost 
without  exception,  arranged  with  reference  to  recitation  schedules  rather  than  to 
logical  sequence  of  subjects  or  intellectual  capacity  of  pupils.  That  science  is 
assigned  a  value  in  the  curriculum  far  less  than  language,  or  number,  or  form. 
I  find  in  our  colleges,  again,  with  few  exceptions,  that  while  it  is  not  expected 
that  one  man  can  teach  both  Latin  and  Greek,  it  is  expected  often  that  one  man 
can  teach  Botany,  and  Zoology,  and  Physiology,  and  Chemistry,  and  Physics, 
with  other  incidental  subjects  to  fill  his  schedule.  I  find  a  prevailing  belief  that 
the  scientific  specialist  is  a  narrow  man,  when,  by  the  very  nature  of  things,  he 
must  be,  if  a  true  specialist,  one  of  the  broadest  of  men;  a  belief,  in  general, 
that  science  is  impractical,  theoretical,  visionary.  All  this  in  spite  of  the  fact 
that  'far  more  than  anv  other  force  has  science  directed — ves,  dominated — the 
progress  of  the  past  decades.  I  believe  the  cause  of  all  this  to  be  that  science 
has  not  been  fairly  dealt  with  by  her  devotees.  That  the  scientist,  absorbed  in 
the  work  of  the  laboratory,  has  too  often  forgotten  his  citizenship  and  neglected 
to  transfer  to  the  State  the  truth  which  science  had  placed  in  his  hands.  Prima- 
rily the  objects  of  the  Academy  are  inspirational,  but  secondarily,  at  least,  and 
certainly  in  its  relations  to  the  State,  its  objects  should  be  eminently  practical. 

If  we  fully  grasp  the  idea  of  this  relationship,  which  I  have  but  imperfectly 
outlined,  the  possibilities  of  science  in  Indiana  arc  almost  limitless.  Its  influence 
will  be  increased,  its  constituency  broadened,  its  achievements  more  splendid,  and 
the  prophecy  of  a  high  place  in  science,  born  in  the  New  Harmony  days,  will 
have  its  realization  in  the  effective  and  beneficent  work  of  this  Academy., 


The  Evolution  op  the  Map  of  Mammoth  Cave,  Kentucky.     By  R.  Ells- 

AvoRTH  Call. 

There  probably  does  not  exist  elsewhere  on  earth  so  famous  a  natural  feature 
concerning  which  so  little  is  definitely  known  as  the  Mammoth  Cave  of  Kentucky. 
Its  scientific  exploration  has  been  so  hampered  and  guarded  by  a  jealous  fear  of 
rival  interests  that  no  <»ne  has  been  permitted  to  survey  the  great  cavern  and  to 
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project  it  on  the  surface  in  order  to  determine  its  relations  to  the  topography  of 
the  region  in  which  it  is  located.  There  have  been  but  few  attempts  to  so  de- 
lineate its  hundreds  of  ramifications  that  the  visitor  may  know  his  whereabouts 
by  reference  to  surface  features.  These  are  commonly  conjectural ;  the  guides 
profess  to  have,  and  for  the  most  part  are  honest,  but  little  knowledge  of  the  rela- 
tions of  the  outdoor  topography  to  that  of  the  avenues  and  chambers  of  the  cave. 
The  liberal  management  of  the  present  Superintendent,  Mr.  Henry  C.  Ganter, 
extended  to  the  writer  in  a  hundred  different  ways  the  most  complete  opportuni- 
ties to  examine  and  study  the  cave  in  the  usually  inaccessible  localities  as  well  as 
those  commonly  visited.  Measurements  and  compass  work  was  permitted  within 
the  cave  but  the  line  was  drawn  when  surface  work  was  planned  or  attempted. 
Courtesy  freely  extended  must  be  regarded,  and  while  the  results  attained  are  not 
of  the  most  exact  kind,  nearly  four  years  of  exploration  have  given  a  better  idea 
-of  its  surface  relations  and  internal  ramifications  than  could  otherwise  have  been 
possible. 

The  interests  of  the  present  owners  are  as  jealously  guarded  as  ever,  and  in 
this  communication,  therefore,  I  shall  not  violate  any  confidence  which  has  been 
vouched  to  me.  Nevertheless,  I  can  not  refrain  from  placing  on  record,  in  this 
manner,  my  firm  belief  that  a  survey  which  has  been  made  ought  to  be  projected 
in  map  form  and  given  to  the  world  of  science.  Only  good  could  result  to  all  the 
interests  involved  should  an  accurate  knowledge  of  the  cavern's  relations  to  the 
surface  be  made  public.  Such  information  would  be  invaluable  to  one  who 
wishes  to  know  the  great  cavern  as  a  geological  entity.  Perhaps,  as  the  years 
roll  by,  wiser  counsels  will  prevail  and  the  world  will  eventually  know  Mammoth 
Cave  in  all  its  ramifications  and  will  see  them  represented  on  a  map  which  will 
also  show  their  relations  to  the  surface.  For  the  present  it  is  my  purpose  to  give 
a  history  of  the  several  published  maps,  and  the  manner  in  which  they  have  been 
prepared,  to  show  how  difficult  has  been  the  process  of  evolving  the  map  and  to 
emphi^size  the  present  need  of  a  cartograph  which  shall  exhibit  the  cave  as  it  is. 

M»aminoth  Cave  was  discovered  through  an  accident  of  the  chase  in  the  year 
1809  by  one  Hutch  ins,  a  hunter  who,  tradition  says,  traced  a  wounded  bear  to  the 
entrance,  then  quite  hidden  in  a  dense  growth  of  underbrush  and  fallen  trees.  It 
woul<l  be  difficult  to  imagine  a  more  rough  and  wild  region  than  is  the  country  in 
which  this  greatest  of  caverns  is  situated.  Facing  north,  on  the  side  of  the  Green 
River  Canyon,  far  away  from  the  traveled  routes  of  the  olden  time,  accident  only 
could  have  brought  it  to  view.  If  Hutchins  ever  really  lived  there  now  remains 
no  trace  of  him  beyond  the  tradition  of  discovery;  none  of  his  kith  or  kin  have 
been  discovered  in  the  region.     Perhaps  with  this  single  act  to  make  him  forever 
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known  he  was  content  to  pass  from  human  view.  In  those  good  old  Kentuckr 
days^  when  firearms  were  as  much  in  vogue  as  they  are  in  these  later  days,  and 
with  worthier  ends  be  it  remarked  in  passing,  gunpowder  was  a  scarce  article  and 
was  husbanded  beyond  comparison.  A  roving  Philadelphia  chemist,  Dr.  Samuel 
Brown  by  name,  firet  taught  the  earlier  settlers  the  methods  of  manufacture  of 
gunpowder,  with  probably  as  great  acceptability  as  Latinus  first  taught  the  Latins 
agriculture.  But  the  nitre-bearing  sheltered  cliffs  and  caves  of  the  Blue  Grass 
region  could  not  alone  furnish  all  the  needed  nitrate,  originally  obtained  in  the 
form  of  calcium  nitrate,  from  whioh  the  needed  saltpetre,  or  potassium  nitrate, 
was  procured  through  the  medium  of  wood  ashes  in  the  clumsy  chemistry  of 
nearly  a  century  ago.  Recourse  was  therefore  had  to  other  caverns,  which  were 
assiduously  sought  after  and  many  found.  From  these  the  needed  nitrate  was 
obtained  in  abundance  and  a  great  industry  was  built  up  in  Kentucky.  Rumors 
of  the  great  cave  in  Warren  County,  for  we  may  be  sure  that  coupled  with  the 
growth  and  size  of  that  famous  bear  each  time  the  story  was  recounted,  Hutch  ins 
did  not  fail  to  tell  of  the  cave  he  had  found,  reached  the  ears  of  the  middle  Ken- 
tucky folk  and  business  enterprise  soon  made  Mammoth  Cave  a  fact  of  history. 

Mammoth  Cave  appears  to  have  attracted  great  attention  from  the  very  first, 
though  its  chief  value  seems  to  have  been  connected  with  the  manufacture  of 
saltpetre.  When  the  war  of  1812  came  and  the  resources  of  the  United  States 
were  taxed  to  the  utmost  in  securing  materials  for  the  making  of  powder  because 
the  foreign  supply  was  rendered  uncertain  through  the  exigencies  of  war,  the 
caverns  of  Kentucky  furnished  nearly  all  the  saltpetre  used  in  that  memorable 
conflict.  With  central  Kentucky,  and  notably  with  Lexington,  the  great  eastern 
city  of  Philadelphia  had  intimate  commercial  relations.  It  resulted  that  the 
caverns  of  this  portion  of  the  State  soon  were  exhausted  of  their  precious  nitrate 
and  the  new,  stupendous  Green  River  cave  came  prominently  into  view.  A  Phil- 
adelphian  of  Hebrew  descent,  and  a  patriot,  by  name  Hyman  Gratz,  associated 
with  one  Charles  Wilkins,  of  Lexington,  leased  Mammoth  Cave  from  its  earliest 
owner  and  carried  on  in  extensive  scale  the  manufacture  of  saltpetre.  Many 
tons  of  "petre-dirt,"  as  the  miners  called  it,  were  brought  from  far  within  the 
cave,  the  places  where  they  last  dug  and  the  vats  in  which  they  leached  the  earth 
still  attesting  the  magnitude  of  their  operations.  With  the  development  of  this 
industry  came  visitors,  and  with  the  visitors  went  wonderful  stories  of  the  great 
cave.  It  thus  happened  that  in  August  of  1814  a  gentleman  unknown  to  later 
days  wrote  an  extended  account  to  **a  respectable  gentleman  of  New  York,*' 
which  was  published  in  the  Medical  Hepw'Uoi^^  then  under  the  editorial  control  of 
the  eminent  Dr.  Samuel  Latham  Mitchill,  accompanied  by  a  map.     The  account 
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and  map  appeared  in  the  seventeenth  volume  of  that  journal.  It  is  presented 
herewith,  not  because  it  has  value  as  being  an  accurate  map  of  the  cave,  but 
Itecause  it  possesses  a  certain  archaic  value  as  being  the  first  map  to  have  apjieared 
in  print.  A  previous  map,  essentially  the  same,  is  known  to  have  been  made, 
l»ut  there  is  no  record  of  its  having  found  a  way  into  literature.  The  author  of 
our  map  is  unknown,  so  far  as  any  fact  connected  with  its  publication  goes,  but 
in  a  later  number  of  the  same  journal  another  map  is  mentioned  as  accompany- 
ing a  description  of  a  mummy  from  a  cave  near  by  and  on  deposit  for  exhibition 
purposes  in  the  Mammoth  Cave,  and  is  said  to  be  the  same,  substantially,  "as 
that  which  we  had  received  before  from  Mr.  Bogert;"  from  which  fact  it  appears 
tliat  such  was  the  name  of  the  man  who  presented  the  original  map.  But  noth- 
ing more  is  known  of  him.  This  map  is  not  drawn  to  scale,  nor  was  the  compass 
employed  in  determining  the  relations  and  directions  of  the  several  halls.  With 
the  exception  of  a  very  few  localities  near  the  entrance,  which  are  fairly  correctly 
located,  it  is  impossible  to  identify  any  of  these  avenues  with  those  now  known. 
But  the  map  is  important  as  being  the  beginning  of  the  published  cartography  of 
the  cave. 

The  second  map  of  Mammoth  Cave  was  the  one  prepared  by  Dr.  Nahum 
Ward,  a  photographic  copy  of  which  is  presented  herewith,  its  original,  the  only 
copy  now  known  to  be  extant,  being  in  my  own  library.  This  map  first  appeared 
in  the  Worcester  Spy,  a  newspaper  of  Massachusetts,  in  June  or  July,  1816.  My 
copy  is  a  facsimile,  printed  on  one-half  of  a  newspaper  sheet,  with  blank  reverse. 
As  presented  herewith  it  is  reduced  one-half. 

As  in  the  case  of  Bogert's  map,  so  in  this  one,  it  is  impossible  to  identify  very 
many  ot  the  localities  mentioned.  The  descriptions  of  Doctor  Ward  are  quite  full 
but  are  by  no  means  exact.  He  appears  to  have  been  thoroughly  impressed  by 
the  great  magnitude  of  the  cavern,  and  the  terms  selected  to  convey  his  ideas  of 
the  cave  comport  well  with  its  greatness.  But  the  map  is  drawn  to  no  scale  and, 
as  may  be  noted  from  the  map  itself,  its  horizontal  distances  are  grossly  inaccurate. 
In  addition  this  writer  makes  the  cavern  to  pass  under  the  Green  River  in  three 
separate  places.  As  a  matter  of  fact  it  is  impossible  for  such  an  extension  to 
happen  ;  the  area  of  the  cave  is  limited  by  the  configuration  of  the  country  around 
it ;  while  its  depth  is  determined  by  the  level  of  Green  River,  into  which,  by 
several  separate  channels,  breaking  out  as  large  or  small  springs,  the  waters  of 
the  cavern  eventually  find  their  way.  The  drainage  levels  of  the  subterranean 
streams  are  all  determined  by  that  of  the  Green.  While  Ward  employed  the 
compass  at  places  and  determined  thus  the  directions  of  the  longest  diameters  of 
the  great  halls,  he  did  not  employ  it  constantly  or  systematically  and  nowhere  did 
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be  run  long  lines  or  have  points  for  *' tying''  those  he  did  run.  His  published 
account  is  the  first  extensive  one  in  literature,  though  it,  like  all  the  earlier  ones, 
abounds  in  exaggerations.* 

The  next  map,  in  order  of  publication,  bears  the  date  of  1835,  the  year  of  its 
copyright,  and  was  prepared  by  Edmund  F.  Lee,  a  civil  engineer  of  Cincinnati, 
Ohio.  It  is  based  upon  the  first  instrumental  survey  ever  made  of  the  cave,  and  is 
both  complete  and  accurate  for  that  portion  which  may  be  called  the  cisriparian 
cave.  The  rivers  and  all  that  vast  area  of  the  cavern  which  lies  beyond,  were 
then  unknown  and  undreamed  of. 

The  rivers  were  discovered  by  Stephen  Bishop,  the  guide,  in  the  year  1840, 
for  the  way  to  them,  over  what  is  now  the  Bottomless  Pit,  had  not  been  known; 
the  Pit  itself  was  not  crossed  until  1840,  the  crossing  being  almost  immediately 
followed  by  the  discovery  of  River  Hall  and  all  its  wonders.  Consequently  none 
of  this  portion  of  the  cavern  appears  in  Lee*s  map,  a  copy  of  which  is  herewith 
given,  from  a  faded  copy  in  my  library,  which,  like  the  others  mentioned,  is  the 
only  copy  now  known  to  be  in  existence.  I^ee's  map  is  further  characterized  by 
sections  of  the  several  known  avenues  and  chambers,  and  is  the  result  of  many 
month's  of  underground  work.  As  laid  down  in  his  map  the  relations  of  the 
avenues  and  chambers  are  absolutely  accurate ;  the  nomenclature  has  since  very 
greatly  changed,  as  the  fancy  of  visitors  or  the  caprice  of  the  several  managers 
have  dictated.  It  will  be  at  once  recognised  that  this  map  has  extraordinary 
value  when  it  is  stated  that  it  forms  the  basis  of  several  other  maps  which  have 
appeared  from  time  to  time;  further,  it  is  the  first  map  to  have  been  profession- 
ally made.  Complete  surveys  of  most  of  the  newer  or  transriparian  avenues 
have  never  been  made.  Some  of  these  avenues  and  passages,  like  that  which 
leads  to  Mystic  River,  leaving  El  Ghor  just  below  Martha's  Vineyard,  have  been 
entirely  closed  up  by  the  management  and  never  will  be  surveyed.  A  complete 
map  of  the  cave  will,  therefore,  always  be  impossible,  and  some  avenues  will  only 


'^^inee  this  article  was  completed,  chance  has  thrown  in  my  way  an  old  volame  pub- 
iished  by  Lee  &  Shepard,  Boston,  in  liiTi,  **  The  Wonders  of  the  World,"  which  reproduces 
Ward's  account  of  Mammoth  Cave,  tocrether  with  his  original  map;  the  map  appears  as 
page  327  and  has  a  cut  of  the  "  mummy,  now  in  the  American  Museum,  Now  York."    It  is 
interesting  to  note  that  this  old  map  is  useless  in  such  a  book.    It  is  further  interest- 
ing to  note  that  the  mummy  was  not  then  in  the  American  Museum,  nor  ever  had  been,  be- 
yond a  few  days  for  exhibition  purposes,  but  wa«  deposited  ia  the  museum  of  the  American 
Antiquarian  Society,   at  Worcester,  Massachusetts.     A  short  time  since,    following  the 
World's  Fair,  where  it  was  on  exhibition,  it  was  removed  to  the  National  Museum, at  Wash- 
ington, where  it  may  now  bo  seen.    A  most  excellent  photoi^rapb  of  this  famous  mummy 
was  recently  made  for  mo  and  forwarded  by  the  courtesy  of  the  late  Dr.  G.Brown  Ooode. 
The  account  of  the  cave,  which  this  volume  gives,  in  1873,  is  a  verbatim  reproduction  of 
Nahum  Ward's  original  description,  made  in  1816.    In  this  way  do  great  publishing  houses 
give  us  new  and  fresh  knowledge  of  the  world's  wonder».. 
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liave  historic  names.  They  will  never  be  visited  by  future  explorers.  But  Lee 
alone  has  surveyed  the  intricate  and  devious  windings  which  make  up  the  Laby- 
rinth, together  with  its  associated  chambers.  Use  was  made  of  his  work  by  the 
maps  which  followed. 

The  parts  of  the  cavern  which  are  beyond  the  pass  known  as  El  Ghor,  includ- 
ing a  considerable  portion  of  explored  but  unmapped  cave,  have  had  several 
names  bestowed  on  them  by  the  earlier  visitors.  Of  the  parts  which  it  will  now 
he  impossible  to  visit,  owing  to  the  artificial  occlusion  of  the  small  passage  under 
Martha's  Vineyard,  are  the  following:  Byrd^s  Avenue,  Miriam's  Avenue,  Har- 
lan's Avenue  and  Hebe's  Spring.  The  Mystic  River  itself  rivals  the  famous  Echo 
Kiver,  but  is  less  in  size.  It  has  probably  some  connection  with  Koaring  River, 
a  great  stream  at  times,  reached  from  Stephenson's  Avenue  at  the  Cascades,  but 
as  yet  unexplored  fully.  Several  attempts  made  by  the  writer  to  reach  its  end 
were  defeated  by  lack  of  boats,  the  only  means  by  which  the  deeper  and  unfa- 
miliar places  can  be  passed. 

liee's  map  was  followed  by  one  prepared  from  accounts  and  free-hand  sketches 
of  Stephen  Bishop,  in  1845,  and  is  found  in  a  little  volume  called  *^  Mammoth 
Cave,  by  a  Visitor,"  and  published  by  Morton  &  Griswold,  of  Louisville,  Ken- 
tucky. This  map  appears  to  have  Lee's  map  as  its  basis  for  the  older  portion  of 
the  cave;  the  newer  portion,  which  had  not  then  been  surveyed,  is  laid  down  by 
Bishop  and  from  his  notes.  In  common  with  all  the  published  maps  of  later  date 
than  Ix?e's,  the  distances  are  grossly  exaggerated,  and  the  relations  of  some  of  the 
avenues  are  certainly  hypothetical.  But  this  map  stands  to-day  as  the  best  that 
has  been  published,  and  while  inaccurate  for  any  scientific  purpose  is  certainly 
exact  enough  for  the  visitor.  It  names  and  shows  the  points  of  departure  of  the 
side  avenues  from  the  larger  and  better  known  or  more  traveled  portions  and 
gives  a  sketch  of  their  turnings  and  ramifications.  It  is  to  be  constantly  rcmem* 
bered  that  none  of  the  maps,  except  Lee's,  have  been  based  upon  compass  bear- 
ings, even,  to  say  nothing  of  determining  their  relations  by  exact  methods. 

No  other  map  appeared  until  1875,  when  Forwood's  "The  Mammoth  Cave  of 
Kentucky,"  Fourth  Edition,  appeared  from  the  Lippincott  press,  of  Philadelphia. 
His  map  gives  only  the  two  traveled  routes,  called  the  **  long"  and  the  ''short" 
routes,  and  is  grossly  inaccurate  even  for  these.  No  dependence  can  be  placed 
upon  any  of  the  details  of  this  map.  It  is  noticed  here  simply  because  it  is  one 
of  the  few  which  have  ever  been  published. 

Hovey's  map,   which   appeared  in  his  ** Celebrated  American  Caverns,"  in 
18Hi\  is  the  next  in  order  of  time.     It  is  probably  the  best  known  map  of  the  cave 
having  been  reproduced  in  a  number  of  other  publications  and  been  sent  abroad 
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m, numerous  copies  of  his  guide  book,  itself  a  separately  bound  excerpt  from  the 
larger  volume,  with  slight  changes  in  the  Uter  editions.  This  map  is  chieHv  that 
of  Bishop;  all  the  main  features  of  Bishop^s  map  appear  and  few  additional  facts. 
For  the  older  portion  of  the  cave,  like  Bishop's  map,  this  one  follows  very  closely 
the  original  work  of  Lee.  No  mention  is  made  of  these  sources,  and  Doctor  Ilovey 
did  not  himself  map  any  part  of  this  great  cave  except  Oanter's  Avenue.  »Some 
measurements  of  separate  localities  were  made  by  him,  but  beyond  this  his  map  has 
Tery  little  original  matter  or  matter  not  already  known.  It  is,  however,  a  useful  one, 
for  more  names  to  localities  appear  on  this  map  than  on  any  other,  many  of  which 
have  been  happily  bestowed  by  Hovey  who,  in  these  matters,  has  appreciated  the 
^^  eternal  fitness  of  things.''  In  his  names  record  is  often  made  of  the  pioneers  of 
discovery  in  the  cave;  in  other  cases  he  has  happily  made  allusions  to  mythologic 
characters  to  which  is  added  the  uncanny  suggestiveness  of  the  gloom  of  the  un- 
derground world. 

The  latest  map  of  the  cave  is  still  unpublished,  but  will  appear  within  a  few 
months.  In  it  the  attempt  will  be  made  to  correct  the  errors  of  the  older  maps 
and  to  add  to  them  as  wholes  the  newly  discovered  portions  or  those  portions  of 
which  little  has  hitherto  been  known.  But  when  this  map  shall  have  appeared 
it  will  demonstrate  the  need  of  accurate  surveys,  which  are  never  likely  to  be  made, 
rather  than  add  very  greatly  to  our  knowledge  of  the  cave.  Still,  errors  of  others 
being  corrected,  the  golden  goal  of  exact  knowledge  will  be  brought  a  very  little 
nearer. 

It  is  well  known  that  the  main  avenues  of  the  cave  have  been  ''run"  by  com- 
petent engineers,  and  they  have  been  platted  on  the  surface,  in  part  at  least.  This 
was  done  in  the  attempt  to  learn  whether  any  of  the  more  valuable  parts  of  the  cave 
extended  beyond  the  limits  of  the  present  "cave  estate.''  No  one  has  been  al- 
lowed to  see  these  plats  except  those  who  are  directly  interested.  The  closeness 
with  which  this  information  is  kept  argues  for  the  fact  that  without  doubt  the 
cavern  extends  beyond  the  estate.  Numerous  attempts  have  been  made  to  find 
*othcr  entrances  than  the  one  on  the  estate ;  that  they  exist  is  proven  by  the  free 
circulation  of  the  air  and  the  presence,  in  places  miles  from  the  well-known 
mouth,  of  seeds  and  leaves,  sticks  and  bark,  from  the  surface,  and  oftentimes  in  a 
fairly  fresh  condition.  But  these  entrances  are  small  and  not  likely  to  ever  prove 
valuable  to  others  if  found.  It  is  this  fear  of  attempts  to  enter  the  property  of 
the  present  estate  that  operates  to  make  impossible,  at  present,  a  cartograph  which 
exhibits  Mammoth  Cave  in  its  true  relations  to  the  region  in  which  it  is  situated. 
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Fauna  of  Mammoth  Cave,  Kentucky.     By  R.  E.  Call. 
Published  in  the  American  Naturalist,  May  1, 18^. 


Notes  on  Indiana  Caves  and  Their  Fauna.     By  W.  S.  Blatchley. 

Published  io  the  State  Qeolofical  Report  for  1896. 


A   Possible  Relation  of  the  Academy  of  Science  to  the  Teachers  of" 
Biology  in  Our  Secondary  Schools.     By  L.  J.  Rettoer. 

[Abstract.] 

The  purpose  of  the  Academy  of  Si'ience,  as  I  understand  it,  is  in  the  main 
two-fold.  It  aims  to  encourage  original  research  work  among  its  members,  and 
so  enhances  the  amount  of  scientific  knowledge  by  valuable  contributions.  It 
also  encourages  younger  observers  to  attempt  more  critical  work  and  so  prepare 
to  continue  the  regular  research  work.  By  its  organization  and  its  meetings  it  is 
able  to  accomplish  this  to  a  very  satisfactory  degree. 

The  second  purpose  is  probably  the  dissemination  of  scientitic  knowledge 
among  the  people.  It  is  this  second  purpose  that  makes  the  first  one  peculiarly 
valuable  to  the  State,  and  in  the  fullest  way  repays  the  favors  which  the  State 
officially  grants  the  Academy.  But  the  dissemination  need  not  be  limited  to  the 
actual  research  work  of  the  Academy.  It  may  legitimately  include  that  bnsal 
scientific  information  which  any  advanced  work  presupposes. 

It  will  in  this  way  create  a  more  general  and  a  more  intelligent  appreciation 
of  true  scientific  work  and  may  result  in  bringing  out  scientific  talent  that  would 
otherwise  have  been  missed. 

The  avenue  along  which  the  Academy  may  most  efficiently  exert  its  influence 
in  this  way  is  in  the  secondary  schools  of  the  State.  By  persistent  efforts  biologi- 
cal studies  in  some  form  or  other  are  included  in  almost  every  high  school  curric- 
ulum and  so  the  way  is  open  as  far  as  the  subject  matter  is  concerned.  In  many 
instances,  too,  there  are  teachers  who  have  had  a  high  grade  laboratory  traiiiini? 
and  who  teach  the  subject  in  the  high  school  in  a  most  commendable  way.  But 
the  fact  remains  that  possibly  in  the  majority  of  instances  biological  work  in  our 
high  si'hools  is  still  deeply  mired  in  text  book  work.  The  utter  worthlessneas  of 
biological  work  which  does  not  bring  the  student  into  a  direct  contact  with  at  leaat  a 
reasonable  number  of  actual  things  need  not  be  restated.  It  is  a  maxim  that  such 
work  is  laboratory  work  or  it  is  nothing. 
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In  many  instances  this  kind  of  work  done  is  dae  to  the  lack  of  training  of  the 
teacher  himself  and  for  such  a  place  there  is  no  hope  until  by  some  good  fortune 
the  teacher  gives  way  to  a  better.  But  there  is  a  second  class  where  biological 
work  is  handicapped  in  spite  of  a  well  trained  teacher,  and  it  is  this  class  for  which 
a  possible  remedy  is  here  suggested.  In  few  high  schools  indeed  does  the  work  in 
biology  fall  to  a  single  teacher  and  occupy  all  his  time.  In  practically  all  our 
secondary  schools  the  teacher  of  biology  has  in  addition  to  his  zoology  or  botany 
classes,  three  or  four  other  classes  that  may  range  from  Greek  through  English 
Literature  to  mathematics.  Usually  his  entire  school  day  is  occupied  in  ''  hear- 
ing" recitations.  Time  spent  in  laboratory  work  is  usually  "off  time."  Thereseemg 
often  but  one  thing  left  and  that  is  to  devote  the  recitation  period  in  botany  or  zoology 
to  an  exposition  of  some  text,  and  the  actual  study  of  things  is  very  infrequent. 
If  it  be  asked  why  the  recitation  period  itself  is  not  devoted  to  actual  laboratory 
work,  one  needs  but  to  be  reminded  that  laboratory  work  requires  material,  good 
material,  and  a  fairly  large  amount  of  it.  And  to  continue  this  day  after  day 
with  new  forms  means  an  amount  of  time  spent  in  preparing  this  material  which 
is  not  available  to  the  high  school  teacher  with  his  multiplicity  of  other  duties. 
The  teacher  is  further  often  quite  unacquainted  with  the  resources  of  his  neighbor- 
hood, and  is  frequently  not  assigned  to  his  place  of  duty  until  after  the  opportunities 
for  collecting  are  gone.  The  writer  has  had  the  opportunity  of  visiting  numbers 
of  High  Schools,  and  in  almost  all  instances  the  apology  for  doing  a  low  grade  of 
work  in  botany  or  zoology  was  the  one  that  specimens  were,  in  spite  of  beet 
efforts,  not  accessible.  Sometimes  the  neighborhood  would  yield  in  abundance 
two  or  three  different  forms  for  study,  and  these  would  be  studied  as  the  material 
warranted,  and  yield  all  those  desirable  results  which  flow  from  the  study  of 
actual  thinp«.  But  tiiese  forms  are  soon  exhausted,  and  the  interest  of  the  class 
is  lost  in  attempts  to  put  in  the  remaining  time  in  this  line  of  work  which  the 
program  calls  for. 

For  this  dlHicuity  it  seems  to  me  the  Academy  could  offer  a  remedy.  It  could 
establish  a  central  station  of  supplies  from  which  all  secondary  schools  could  draw 
their  material.  Being  controlled  by  the  Academy,  the  following  things  would  be 
assured  in  this  matter:  (1)  Material  well  adapted  for  school  work  would  be  se- 
lected. This  material  could  so  be  hardened,  dried  or  otherwise  preserved  as  to  be 
in  available  form  during  any  time  of  the  school  year.  (2)  Exchanges  could  be 
made  subject  to  the  approval  of  the  station,  and  so  a  variety  of  forms  secured  for 
a  collection  of  one  or  two  forms  which  the  teacher's  own  neighborhood  easily  af- 
forded.    A  possibility  to  get  a  g^od  assortment  of  forms  without  the  direct  outlay 
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of  money  is  thus  opened.  As  nearly  every  neighborhood  hassemething  in  abund- 
ance  which  is  more  or  less  rare  in  others,  this  plan  can  not  be  wholly  impr^ti- 
cable.  (3)  Along  with  this  high  grade  material  the  station  could  send  carefully 
prepared  directions  for  study  in  order  to  insure  the  proper  use  of  the  material. 
(4)  This  central  station,  being  under  the  immediate  control  of  the  Academy, 
would  preclude  the  suspicion  that  there  was  a  mercenary  element  back  of  the  af- 
fair, and  would  come  to  the  teachers  or  school  authorities  with  the  force  and  in- 
fluence of  the  Academy  itself.  (5)  It  would  furnish  all  material  to  schools  at 
actual  cost,  which  would  make  the  expense  to  equip  a  botany  or  zoology  class 
through  the  winter  a  very  slight  one.  (0)  It  would  be  a  central  station  to  which 
regular  collectors  could  send  the  surplus  of  their  collections  for  free  distribution, 
and  so  materially  widen  the  value  of  their  work. 

[Upon  motion,  the  Chair  appointed  a  committee  to  investigate  the  desirability 
of  such  a  plan ;  the  committee  consisting  of  L.  J.  Kettger,  Dr.  C.  H.  Eigenmann 
and  W.  P.  Shannon.] 


The  Occurrence  of  Uroglena  in  the  LaFayette  (Ind.)  City  Water.     By 

Severance  Burrage. 

It  not  infrequently  happens,  even  with  the  best  public  water  supplies,  that  the 
attention  of  the  consumer  is  attracted  by  some  peculiar  taste  or  oder  in  the  water. 
This  is  particularly  apt  to  be  the  case  when  the  supply  is  derived  from  a  lake  or 
pond,  or  if  it  has  to  be  stored  for  any  length  of  time  in  a  reservoir.  In  such 
instances  the  superintendent  or  water  commissioners  receive  complaints  to  the 
effect  that  the  water  has  a  very  disagreeable  taste  and  smell,  and  that  there  must 
be  dead  fish  or  eels  in  the  ])ipes.  Just  such  complaints  were  heard  in  Lafayette 
in  the  early  part  of  October,  and  vigorous  attempts  were  immediately  made  to  get 
rid  of  the  trouble  by  Hushing  the  pipes  at  diflferent  points  in  the  city.  But  there 
was  not  much  improvement. 

The  city  water  supply  is  derived  from  driven  wells  in  the  vicinity  of  the 
Wabash  River,  and  is  a  remarkably  pure  water,  both  from  the  chemical  and  bio- 
logical standpoints.  This  water  is  pumped  directly  into  the  pipes.  There  is  a 
reservoir  situated  on  a  hill  some  two  miles  from  the  pumping  station,  and  it  has 
been  generally  understood  that  the  water  stored  there  was  only  used  in  case  of  an 
emergency,  such  as  a  large  fire.  But  upon  inquiry  it  was  learned  that  the  pumps 
were  not  kept  working  all  night.  Thus,  as  the  supply  from  the  pumps  was 
stopped,  the  reservoir  water  must  work  back  gradually  into  the  pipes,  replacing^ 
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that  used  in  the  town  after  the  pumping  had  ceased.  Now  if  the  trouble  was  in 
the  reservoir  water,  we  would  expect  to  have  the  complaints  made  in  the  early 
uioruing,  which  would  be  the  only  time,  as  we  have  seen,  that  this  water  had 
access  to  the  service  pipes.  And  such  was  the  case.  All  the  complaints  were 
made  in  the  morning,  and  when  the  superintendent  would  go  to  investigate  at 
this  or  that  place  late  in  the  forenoon  he  could  detect  nothing  wrong  in  the  water. 
The  pumps  had  started  and  forced  the  reservoir  water  back  to  a  certain  extent, 
fresh  water  from  the  wells  taking  its  place. 

All  of  this  evidence,  together  with  our  knowledge  of  the  natural  history  or 
biology  of  bodies  of  water  exposed  to  the  sunlight  would  point  to  the  reservoir  as 
the  source  of  the  trouble.  A  microscopical  examination  of  this  water  was  made, 
and  it  showed. the  presence,  among  other  things,  of  the  colony-building  infusorial 
organism  Uroglena  in  small  numbers. 

Tliis  Uroglena  is  well  known  in  Massachusetts  and  Connecticut  as  having 
caused  strong  fishy  tastes  and  disagreeable  oily  smells  in  many  large  water  sup- 
plies, and  in  some  cases  in  the  very  best  ones.  So  that  knowing  the  history  of 
this  organism,  and  finding  it  in  the  water  of  the  reservoir,  it  was  unnecessary  to 
search  further  for  the  trouble. 

This  organism  itself  has  been  described  by  Ehrenberg^,  Butschli^,  Stein^, 
Kent*,  and  Calkins^.  It  was  first  recognized  in  this  country  by  Conn*^,  who 
found  it  in  the  reservoir  of  the  Middletown  (Connecticut)  waterworks.  Since 
then  it  has  been  known  to  cause  trouble  in  a  large  number  of  prominent  Eastern 
water  supplies. 

The  colonies  in  the  LaFayette  water  were  just  visible  to  the  naked  eye,  being 
considerably  less  than  j^jj  (one  one-hundredth)  of  an  inch  in  diameter,  and 
spheroidal  in  shape.  Each  colony  is  made  up  of  a  delicate  gelatinous  matrix,  in 
the  [)eriphery  of  which  are  imbedded  two  hundred  or  more  individual  monads, 
tliese  monads  having  two  flagella  each,  chropiatphores,  and,  c}uite  important  to 
us  in  connection  with  water  supplies,  many  oil  globules  variously  distributed 
throughout  the  ceil.  It  is  supposed,  and  with  good  reason,  that  these  are  the 
direct  source  of  the  oily  taste  and  smell  in  the  water.  When  the  colony  is  intact, 
in  its  normal  condition  in  the  water,  very  little  if  any  odor  can  be  detected ;  but 
let  that  water  be  disturbed  in  such  a  way  as  to  rupture  or  disintegrate  the  colonies 

'Die  Infusionstbiere  alH  voUkomna  Organi^men.    Leipzig,  IS^. 

V.eitJ«chriftfiirWi8gensehaftlicheZ<mlogie.    1878.    Bd.  XXX,  p.  265. 

^Organismus  der  Infusionstbere.  III.    1878. 

^Manuul  of  the  Infusoria,  I.    London,  1881.    (W.  Saville  Kent.) 

"On  Uroglena.    G.  N.  Calkins,  in  Annual  Report  Mass.  State  Board  Health,  1891. 

"Report  of  Water  Commissioners  for  1889,  Middletown,  Ct. 
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and  the  odor  becomes  quite  strung.  This,  of  course,  is  what  occurs  when  the 
water  runs  into  the  service  pipes.  The  change  of  conditions  causes  the  disrup- 
tion of  the  colonies,  and  so  we  get  the  smell  and  taste  in  the  hydrant  water,  but 
almost  none  in  the  water  examined  fresh  from  the  reservoir. 

This  matter  of  the  cause  of  such  odors  and  tastes  in  drinking  waters  has  been 
the  subject  of  much  study  by  the  Massachusetts  State  Board  of  Health^,  and  I 
had  the  privilege  of  doing  some  work  in  that  line  in  1894,  while  connected  with 
that  Board.  Most  of  the  experiments  were  conducted  on  this  Uroglena  because 
it  had  such  a  strong  and  characteristic  odor.  Large  quantities  of  water  contain- 
ing an  abundance  of  Uroglena  were  filtered  through  cotton,  and  this  cotton  was 
immersed  in  ether  and  several  other  solvents  of  oil,  particularly  the  volatile  ones. 
Then  the  ether  was  allowed  to  evaporate,  leaving  an  oily  residue  on  the  watch 
glasses  which  in  some  cases  gave  the  characteristic  odor,  somewhat  intensified. 
But  in  nearly  all  of  the  experiments  trouble  was  caused  by  the  ether  itself  leav- 
ing a  noticeable  residuary  odor  aft«r  evaporation,  which  was  in  some  instances 
qnite  misleading.  The  Uroglena  oil,  however,  was  collected,  and  did  to  a  certain 
extent  have  the  sought  for  odor.  Among  the  other  solvents  tried  were  carbon 
bisulphide  and  chloroform,  with  the  same  difficulty  of  the  residuary  odor. 

The  ordinary  method  of  microscopical  analysis  (Sedgwick-Rafter)  is  practi- 
cally useless  in  determining  the  numbers  of  Uroglena  colonies  in  a  given  quantity 
of  water,  because  of  the  readiness  with  which  the  organisms  break  up.  The  esti- 
mates  consequently  in  such  cases  would  be  far  too  low.  In  the  analysis  of  the 
water  supply  of  Lafayette  made  last  October  the  water  was  examined  without 
making  any  attempt  to  concentrate  the  organisms.  Cubic  centimeter  after  cubic 
centimeter  was  examined  directly  with  a  small  hand  lens,  and  in  no  case  were 
there  more  than  twenty  colonies  per  100  cubic  centimeters.  The  average  was  six 
per  1(X)  c.  c,  but  this  was  sufficient  to  give  the  oflfensive  odor  to  the  water  when 
drawn  from  the  faucet.  As  was  found  in  other  cities,  and  as  we  might  expect  to 
find  in  Lafayette,  the  water  drawn  from  the  housetops  in  the  morning,  while  giving 
the  odor,  showed  absolutely  no  Uroglena  colonies. 

The  question  naturally  suggests  itself,  how  did  the  reservoir  get  planted  with 
this  troublesome  organism?  Of  course  we  can  make  no  definite  statement  in  re> 
gard  to  this,  but  an  examination  of  the  reservoir  overflow,  which  forms  a  more  or 
less  stagnant  pond  just  below  the  reservoir  itself,  showed  a  larger  number  of  thes^ 
Uroglena  colonies   per  10<)  cubic  centimeters  than  the  reservoir  water,    and    it 


'Odors  in  Drinking  Waters.    G.  N.  Calkins.    Mass.  State  Board  of  Health,  Ann.  Re- 
port, 1892,  p.  3.S5. 
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would  not  be  very  difficult  to  imagine  that  birds  flying  directly  from  the  overflow 
to  the  reservoir  might  carry  the  organisms  there. 

To  get  rid  of  the  trouble  in  this  case  was  comparatively  easy,  because  the 
reservoir  was  small  and  it  was  not  a  diflicult  matter  to  entirely  change  the  water 
in  the  reservoir  by  keeping  the  pumps  going  full  force  day  and  night  for  a  few 
days.  In  three  weeks  from  the  time  my  attention  was  flrst  called  to  the  matter,  I 
was  unable  to  find  any  Uroglena  in  the  reservoir  water,  and  I  have  heard  no  com- 
plaints since. 

It  is  not  known  that  the  Uroglena,  even  in  very  great  abundance  in  the  water, 
causes  any  disturbance  or  inconvenience  to  our  bodies.  It  is  most  important,  how- 
ever, that  the  city  engineers  and  waterworks  superintendents  should  know  this,  in 
order  to  so  inform  the  people  when  they  make  their  complaints.  The  suffering 
public  under  such  circumstances  are  apt  to  imagine  that  all  sorts  of  ills  are 
caused  directly  by  this  to  them  unseen  pest,  and  they  are  too  prone  to  find  fault 
with  the  water  supply.  While  we  can  not  prophecy  when  Uroglena  may  appear 
in  or  disappear  from  a  water  supply,  we  can  state  with  much  certainty  that  it  is 
perfectly  harmless,  and  that  it  does  not  necessarily  indicate  a  bad  condition  of  the 
water.  The  Lafayette  water,  for  the  past  two  years  at  any  rate,  has  been  abso- 
lutely free  from  all  dangerous  contamination,  and  the  recent  appearance  there  of 
Uroglena  does  not  mean  that  the  water  supply  is  at  all  degenerating. 


The  ENCiiNEKuiNG  Research   Laboratory  in  Its  Relation  to  the  Pdbltc. 

By  W.  F.  M.  Goss. 

In  the  present  era  of  the  world's  progress  we  hear  much  of  our  ''material 
prosperity"  and  of  the  "development  of  our  resources."  P'eeling  sure  that  the 
earth  was  made  for  man,  man  is  anxious  to  make  his  possession  yield  him  its 
best.  Nor  in  he  contented  with  what  his  own  immediate  neighborhood  can 
furnish.  If  there  is  anything  in  the  ends  of  the  earth,  or  in  the  air,  or  in  the 
sea  which  is  capable  of  making  for  his  advancement,  he  rests  not  until  he  has 
secured  it.  The  business  of  the  world,  therefore,  increases  with  every  hour,  and 
its  problems  multiply. 

In  the  midst  of  its  hum  and  hurry,  the  engineer  is  a  prominent  figure.  It  is 
his  province  to  study  the  properties  of  matter  and  to  make  them  useful  to  man  in 
structures  and  machines.  He  deals  with  the  mining  and  reduction  of  ores,  the 
(chemical  and  physical  properties  of  metals,  and  all  the  great  variety  of  processes 
by  which  iron  and  steel  are  shaped  for  purposes  of  construction  ;  with  earth- work 
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damSf  with  systems  of  municipal  piping,  with  steam  engines  and  pumping  ma- 
chinery, with  locomotives  and  other  railway  equipment,  with  bridges  and  build- 
ings, with  ships  and  harbor  improvements — in  fact,  with  structures  and  machines 
of  every  conceivable  type. 

The  engineer  is  the  servant  of  the  people.  His  ingenuity  and  skill  are  the 
starting  point  which  leads  to  the  employment  of  all  the  artisans  who  fill  our 
shops  ai)d  factories;  his  work  makes  possible  the  peace  and  comfort  of  household 
life,  the  success  of  social  ailairs  and  the  perfection  of  business  methods,  and  it 
often  serves  to  furnish  inspiration  for  modern  thought  and  to  give  direction  to  it« 
tendencies. 

The  basis  of  the  whole  science  of  engineering,  extensive  as  it  is,  is  to  be 
found  in  facts  which  have  either  been  deduced  from  practical  experience  or 
derived  from  especially  conducted  experiments.  The  early  engineer  could 
neither  lean  upon  accepted  theories  nor  look  to  precedent  for  guidance.  It  was 
not  what  Brindley,  and  Telford,  and  Watt,  and  the  two  Stephensons  kneu\  but 
what  they  diV/,  that  helped  to  inaugurate  our  present  era  of  engineering.  Since 
their  day,  every  important  structure  has  served  a  double  purpose:  first,  that  for 
which  it  was  especially  designed,  and,  secondly,  that  which  regards  it  as  a  sub- 
ject for  observation  and  study.  Where  such  structures  have  been  a  complete 
success,  information  concerning  them  has  become  a  matter  of  record,  and  the 
essential  facts  have  been  given  a  place  in  the  annals  of  good  engineering  practice; 
and  where  structures  have  failed,  the  causes  have  been  carefully  studied,  that  the 
fault  might  l>e  understooil  and  consequently  avoided  in  future  work.  Successes, 
therefore,  have  inspired  imitators,  and  failures  have  warned  all  followers. 

But  while  it  is  in  this  manner  that  a  large  part  of  our  present  fund  of  engi- 
neering data  has  been  brought  into  existence,  and  while  the  process  still  goes  on, 
it  is  admitted  to  have  its  limitations.  The  attempt  to  build  a  house  and  at  the 
same  time  determine  the  subsequent  behavior  of  certain  details  entering  into  its 
construction,  is  illogical  and  expensive.  For  example,  it  is  poor  economy  to 
ascertain  the  strength  of  an  iron  column  by  finally  seeing  it  fall  under  the  load 
of  a  wall.  A  crack  in  an  arch  or  a  fragment  from  an  exploded  boiler  may  testify 
to  faults  in  construction,  and  may  even  serve  as  a  basis  for  theories  leading  to 
better  practice,  but  the  information  obtained  is  dearly  paid  for  in  the  damage 
sufiered  by  the  collapse  of  the  arch  or  the  explosion  of  the  boiler. 

Again,  great  as  are  the  losses  occasioned  by  failures,  they  do  not  equal  those 
which  occur  through  fear  of  failure.  The  fear  that  workmanship  may  be  bad  or 
materials  defective  leads  to  lavishness  which  could  not  be  justified  if  our  informa- 
tion were  more  definite.     It  is  indeed  true  that  ^'factors  of  safety  are  facton  of 
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ignorance.*'  When  it  is  doubtful  just  how  great  a  resistance  can  be  withstood  by 
a  given  bulk  of  material,  we  make  success  certain  by  building  many  times 
stronger  than  is  really  necessary.  If  we  could  know  at  the  outset  the  exact  value 
of  the  stresses  involved  and  the  actual  strength  of  the  materials  to  be  employed, 
it  would  become  obvious  that  such  a  practice  as  this  could  give  no  additional 
security,  and  its  result  would  be  wastefulness. 

In  the  domain  of  machine  construction  the  same  general  principle  applies. 
The  demand  is  everywhere  made  for  machines  that  will  act  with  a  higher  degree 
of  efficiency ;  that  i<i,  do  their  work  with  less  wear  and  tear  and  at  a  lower  run- 
ning expense.  There  is  no  lasting  market  for  inferior  goods,  and  success  in 
competition  is  to  be  obtained  as  the  result  of  merit.  Thus  it  is  that  designing 
engineers  who  give  their  thought  and  skill  to  planning  great  bridges,  buildings 
and  machines  are  successful  in  proportion  to  their  ability  to  simplify  and  cheapen 
and  at  the  same  time  perfect,  while  all  unite  upon  the  general  principle  that  a 
bridge  must  not  only  stand,  but  it  must  also  involve  a  minimum  of  material,  and 
a  machine  must  not  only  run,  but  must  do  its  work  with  the  highest  degree  of 
efficienc'v. 

it  is  clear,  therefore,  that  what  is  needed  in  engineering  work  is  a  more 
perfect  knowledge  of  the  materials  and  forces  involved.  This  is  not  a  reflection 
upon  the  knowledge  of  the  past,  but  a  suggestion  that  its  fund  is  insufficient  for 
the  future.  The  engineering  of  the  last  quarter  century  has  done  much  to  make 
definite  matters  which  were  before  but  little  understood.  Facts  have  been  gath- 
ered and  compared,  and  from  them  theories  have  been  deduced.  Failures  are 
fewer  and  the  efficiency  of  structural  work,  and  of  machines  of  every  sort,  has 
been  increased.  But  the  end  is  not  yet.  To-day,  more  than  ever  before,  the 
attention  of  the  whole  engineering  world  is  directed  to  methods  of  improving  and 
saving.  Its  eflbrts  are  put  forth  in  response  to  the  demands  of  a  more  exacting 
clientage,  and  this  clientage  is  the  public.  It  is  evident  that  everything  which 
contributes  to  the  perfection  of  engineering  methods  must  benefit  the  people  and 
must  arouse  their  interest,  for  it  is  the  people  who  finally  reap  the  advantages,  as 
well  as  pay  the  price.  Hence  public  interest  in  the  work  of  the  engineer  is  keen 
and  critical,  and  will  always  sustain  any  serious  movement  which  promises  to 
advance  true  practice.  Such  a  movement  presents  itself  in  the  establishment  of 
laboratories  devoted  to  engineering  research.  • 

When  all  forms  of  mechanical  construction  were  crude  it  was  possible  to  im- 
prove by  the  mere  application  of  experience,  but  as  construction  became  more 
refined  it  was  necessary  to  examine  with  greater  accuracy  and  to  proceed  with 
greater  care.     The  crude  stage  in  engineering  is  now  a  thing  of  the  past,  and 
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every  day  increases  the  degree  of  refinement  which  characterizes  the  work.  The 
research  laboratory  stands  as  a  response  to  these  conditions.  It  is  its  function  to 
investigate,  in  a  scientific  manner,  problems  which  arho  in  practice  or  which  may 
be  suggested  by  practical  experience.  The  fields  of  science  and  the  field  of 
engineering  combined  make  up  its  proper  domain.  Its  equipment,  therefore,  em- 
braces the  delicate  apparatus  of  the  scientist  and  the  ponderous  machinery  of 
the  engineer,  and  its  lines  of  investigation  may  be  chemical,  metallurgical, 
structural,  pneumatic,  hydraulic,  or  thermodynamic.  Its  methods  eliminate  the 
complicating  conditions  of  service  and  allow  effects  to  be  traced  singly  to  their 
causes.  For  example,  efforts  to  determine  the  power  and  efficiency  of  locomotives 
while  in  service  upon  the  road  extend  back  through  more  than  three  decades, 
with  no  general  result  that  is  satisfactory.  But  the  difficulties  and  inaccuracies 
which  appear  in  the  process  of  road  testing  entirely  disappear  when  tests  are 
made  in  the  laboratory,  for  here  it  is  possible  to  maintain  for  an  indefinite  iieriod 
an  unvarying  condition  of  speed  and  load,  and  to  employ  sensitive  apparatus  in 
observing  the  performance  of  the  machine. 

There  have  been  many  instances  where  locomotives  on  the  road  have  left  bent 
rails  in  the  track  behind  them,  but  it  recjuired  the  laboratory  to  demonstrate  that 
under  conditions  not  uncommon  in  practice,  the  drive-wheels  of  a  locomotive 
leave  the  track  at  every  revolution.  This  being  proved,  the  matter  of  the  bent 
rails  was  easily  explained. 

Again,  it  has  been  assumed  for  years  that  the  draft  produced  by  the  exhaust 
steam  in  a  locomotive  was  the  result  of  an  action  similar  to  that  of  a  pump ;  that 
each  puff  from  the  cylinders  supplied  a  ball  of  steam  which  filled  the  stack  as  a 
pump  piston  fills  its  barrel,  and  pushed  before  it  a  certain  volume  of  the  smoke- 
box  gases  until  it  passed  out  at  the  top  of  the  stack.  Believing  this  view  to  be 
the  true  one,  designers  have  shaped  the  details  of  locomotive  draft  appliances 
accordingly,  and  the  value  of  proposed  improvements  has  been  measured  by  the 
completeness  with  which  they  have  satisfied  the  conditions  of  the  accepted  theory. 
But  the  processes  of  the  laboratory  have  disproved  this  whole  assumption.  They 
have  shown  that  the  steam  does  not  fill  the  stack  exc4?pt  at  its  very  top,  and  that 
the  action  of  the  jet  is  clearly  one  of  indiiction.  In  accordance  with  these 
results  a  new  theory  has  been  forniulat^^d,  and  although  it  is  but  a  few  months 
old,  the  laboratory  facts  which  sustain  it  are  so  conclusive  that  it  has  already 
been  generally  accepted.  These  illustrations,  drawn  from  a  single  field  of  inves- 
tigation, will  serve  to  show  something  of  the  character  of  the  work  done  by  the 
research  laboratory.  They  might,  with  equal  justice,  have  been  selected  from 
any  one  of  the  many  different  departments  into  which  engineering  research  may 
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be  divided.  Hut  they  have  served  their  purpose  if  they  have  emphasized  the  fact 
that  the  laboratory  process  gives  results  which  can  not  be  obtained  in  any  other 
way,  and  that  these  results  may  be  relied  upon  to  guide  and  direct  practice  in 
engineering  affairs. 

English  technical  papers  admit  that  the  painstaking  processes  of  German 
laboratories  have  so  well  guided  German  manufacturers  that  Germany  not  only 
competes  with  England  in  many  lines  of  manufactured  goods,  but  in  some  has 
driven  her  from  her  markets.  We  have  a  new  country,  in  which  large  engineer- 
ing enterprises,  both  public  and  private,  are  always  being  pushed  and  are  calling  for 
economy  in  expenditures;  and  there  is  a  strong  national  desire  for  an  outlet  of 
manufactured  goods  through  exportation,  which  can  only  be  secured  on  merit,  in 
competition  with  the  world.  With  these  facts  in  mind  the  conclusion  is  obvious 
that  there  is  room  and  need  in  this  country  for  research  laboratories.  All  such 
laboratories  are  but  means  to  ends.  They  are  not  only  contributors  to  the  public 
fund  of  information,  but  they  infuse  into  every  branch  of  construction  and  of 
operation  a  spirit  of  accuracy  and  a  desire  for  excellence. 


Louisville  Filtration  Experiments.     By  Geo.  W.  Benton. 

The  1st  of  August,  1806,  completed  the  routine  work  of  one  of  the  most 
unique  series  of  experiments  the  scientific  world  has  had  the  privilege  of  wit- 
nessing. , 

The  question  under  investigation  was  the  chemical  and  bacterial  con- 
dition of  the  Ohio  River  water,  as  furnished  the  City  of  Ix)uisvi!le,  Ky.,  and  the 
relative  merits  of  the  several  systems  of  filtration  seeking  establishment  there, 
and  proposing  to  do  away  with  the  mud  and  its  accompanying  bacterial  impuri- 
ties, 80  familiar  to  the  citizens  of  and  visitors  in  the  great  cities  adjacent  to  the 
Ohio,  the  Missouri  and  the  Mississippi  rivers. 

The  peculiar  yellow  clay  suspended  in  the  Ohio  water  will  not  subside  even 
on  standing,  and  ordinary  schemes  of  filtration  utterly  fail  in  its  treatment,  even 
in  times  of  low  water. 

In  view  of  the  conditions,  Mr.  Charles  Hermany,  Chief  Engineer,  and  Mr. 
Charles  R.  Long,  President,  of  the  Louisville  Water  Company,  decided  that  the 
only  sure  way  to  treat  the  question  was  by  means  of  an  experimental  plant 
erected  on  the  ground  and  operated  for  a  term  of  months,  which  should  give 
them  definite  knowledge  of  the  water  in  every  stage.     In  accordance  with  this 
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plan,  Mr.  Long  issued  an  invitation  to  all  the  large  concerns  engaged  in  the 
filtration  of  water  on  an  extensive  scale  to  establish  experimental  plants  at  the 
pumping  station.     The  terms  of  the  arrangement  were  as  follows: 

Each  company  entering  the  competition  to  establish  its  own  plant  and  operate 
it  with  its  own  representatives  in  charge ;  the  Water  Company  to  provide  tem- 
porary buildings  for  the  housing  of  these  plants,  the  necessary  steam  power,  and 
the  unfiltered  water  to  be  used  in  the  experiments.  The  entire  operation  of  the 
plants  to  be  under  the  supervision  and  control  of  a  competent  staff  of  engineers 
and  scientific  experts  in  the  employ  of  the  Water  Company,  who  were  to  have 
access  at  all  times  to  the  several  plants,  keep  accurate  records  of  metre  readings, 
both  of  filtered  and  unfiltered  water,  to  take  samples  at  any  time  and  at  any 
stage,  to  examine  the  chemicals  used  as  to  (luality  and  quantity,  and  to  note  the 
expense  of  the  power  required  for  operating  the  machinery. 

Four  companies  entere<l  the  competitive  test,  namely:  (1)  The  O.  H.  Jewell 
Filter  Co.,  of  Chicago,  presenting  the  Jewell  Filter;  (2)  The  Cumberland  Manu- 
facturing Co.,  of  Boston,  presenting  the  Warren  Filter;  (8)  The  Western  Filter 
Co.,  of  St.  Louis,  presenting  two  filters,  the  Western  Gravity  and  the  Western 
Pressure;  (4)  The  John  T.  Harris  Magneto-Electric  Purifying  Co.,  of  New 
York,  presenting  a  process  based  on  electrolysis. 

These  filters  are  doubtless  well  known  to  those  interested  in  water  examina- 
tion, as  they  arc  extensively  advertised,  and  time  will  not  be  taken  to  consider  the 
details  of  their  operation. 

Work  began  October  1,  1895,  with  a  laboratory  force  of  three,  including  Mr. 
George  W.  Fuller,  Chief  Chemist  and  Bacteriologist,  in  charge;  Mr.  R.  S.  Wes- 
ton, Chemist,  and  Mr.  C.  L.  Parmelee,  Engineer.  This  force  was  gradually 
increased  until,  at  the  close  of  the  period  of  work,  there  ha<l  been  added  to  those 
already  mentioned  Mr.  J.  W.  Ellms,  Chemist;  Mr.  G.  A.  Johnson,  Clerk;  Mr. 
H.  C.  Stevens  and  Mr.  R.  E.  Bakenhus,  Engineers;  Mr.  Hibbert  Hill,  Bacteriol- 
ogist, and  myself.  I  can  not  refrain  from  expressing  at  this  time  my  high  appre- 
ciation of  the  enthusiasm  and  untiring  energy,  the  skill  and  scientific  value,  of 
the  experts  named.  The  volume  of  work  was  enormous,  and  during  the  month 
of  July,  when  1  had  the  privilege  of  ranking  as  one  of  the  force  in  the  bacterial 
laboratory,  our  chemical  thermometers  frequently  ranged  (expressed  in  Fahren- 
heit degrees)  98  to  100.  The  excessive  heat  had  no  effect  upon  the  work.  Every 
man  seemed  infested  by  the  work  bacillus,  and  spread  contagion  throughout  the 
whole  plant.  During  July,  not  counting  specie  work,  which  constantly  went  on, 
over  fifteen  hundred  l)acterial  samples  were  plated  and  counted;  in  many  cases, 
recounted  the  second  time.     The  chemists  were  equally  busy. 
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Ethical  as  well  as  business  reasons  prevent  the  announcement  of  even 
approximate  results,  the  complete  elaboration  of  which  will  appear  over  Mr. 
Fuller's  name  early  in  1897,  whether  in  public  form  or  as  a  private  report  to  the 
Louisville  Water  (Company  I  am  not  informed.  In  any  case,  the  matter  which  it 
will  contain  concerns  not  Louisville  alone,  but  the  world  as  well.  It  is  to  be 
hoped  that  water  experts  will  have  access  to  it.  I  believe  that  I  am  entitled  to 
say,  however,  that  Ohio  River  water  has  been  successfully  filtered  in  quantity, 
under  the  most  extreme  conditions,  during  the  course  of  these  experiments.  It 
has  come  from  the  filters  clear  and  sparkling,  on  days  when  the  chemists  found  in 
the  neighborhood  of  3,500  parts  of  solids  per  million,  and  when  the  river  sh<iwed 
1*2,000  to  25,000  bacteria  to  the  cubic  centimeter,  I  have  counted  six  to  ten  indi- 
vidual colonies  in  the  filtered  water. 

The  equipment  of  both  chemical  and  bacterial  laboratories  was  complete  and 
thoroughly  up  to  date.  The  methods  for  bacterial  work,  preparation  of  media, 
classification,  etc.,  were  mostly  taken  from  unpublished  manuscripts.  The  steam 
sterilizer  was  largely  replaced  by  the  autoclave,  at  a  pressure  of  20  pounds  and  a 
registered  temperature  of  126  degrees  Celsius.  Color  tests  were  a  feature  of  the 
<?hemioal  work,  the  method  being  that  of  the  Massachusetts  State  Board  of 
Health. 

Chemists  and  bacteriologists  can  not  praise  too  highly  those  members  of  the 
Louisville  Water  Company,  who,  in  the  face  of  much  criticism,  and  at  such  great 
expense,  have  not  only  made  possible  the  solution  of  the  question  of  their  own 
water  supply,  but  that  of  the  great  cities  of  the  Mississippi  basin,  and  at  the  same 
time  placed  in  Mr.  Fuller's  hands  the  means  of  enriching  our  experience  in  the 
handling  of  refractory  sources  of  potable  waters  for  cities. 

Indianapolis,  December  80,  1896.  Geo.  W.  Benton. 


A  ** Tornado"  in  Rush  County,  Indiana,  August  1,  1896.     By  W.  P. 

Shannon. 

On  the  first  day  of  hist  August  there  was  a  destructive  storm  along  the  south- 
ern line  of  Rush  County.  Approximately,  we  may  say,  it  began  near  Milroy  in 
Rush  County,  and  ended  near  Metamora  in  Franklin  County,  running  from  west 
to  east  on  a  line  bearing  but  little  to  the  south.  It  was  not  continuous.  The 
most  destructive  part  of  its  course  was  shortly  after  the  beginning,  on  my  old 
home  farm.     1  visited  the  place  two  days  after  the  storm.     My  brother,  H.  F. 
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Shannon,  who  was  in  the  storm,  described  it  as  a  cannonading  from  the  clouds,, 
and,  as  the  evidence  shows,  this  figure  is  a  good  one. 

What  seemed  to  be  an  ordinary  rain  cloud  rose  from  the  north.  In  a  short 
time  the  cloud  showed  that  it  was  bordered  behind  with  a  straight  line,  and  the 
blue  sky  appeared  beneath.  It  seemed  that  in  a  few  minutes  the  cloud  would  be 
over  and  all  would  be  bright  again,  when  suddenly  from  the  rear  edge  of  the  cload 
in  the  northwest  vapor  began  to  puff  downward;  in  a  moment  a  broad  bind  of 
buff-colored  cloud  reached  from  the  main  cloud  to  the  ground,  not  straight  down 
but  obliquely  to  the  south,  and  curving  more  southwani  near  the  ground.  This 
band  was  a  half  or  a  mile  wide,  the  width  of  the  storm  as  it  was  approaching ; 
then  parallel  bands  began  to  float  Southward  from  the  main  band.  Then  the  real 
nature  of  the  band  began  to  show  itself—  it  seemed  that  shots  were  being  fired  fast 
and  thick  In  front  of  the  main  band  from  the  upper  cloud  to  the  ground.  Imagine- 
the  smoke  from  a  cannon  to  continue  to  boil  from  the  ball  as  it  progresses,  and 
you  have  a  picture  of  one  of  these  shots  as  it  went  from  the  cloud  to  the  ground. 
The  buff  color,  or  the  dust-like  appearance,  may  have  been  due  to  electricity. 
The  storm  ran  from  west  to  east  along  the  well  defined  rear  edge  of  the  main 
cluud. 

While  the  storm  was  passing,  my  brother  was  in  a  barn  near  the  south  doors,, 
which  were  open.  ( The  roof  of  the  barn  slopes  to  the  east  and  west).  While  the 
storm  was  approaching  it  gave  a  rumbling  sound,  while  it  was  passing  it  made  a 
hissing  sound,  and  the  air  was  so  full  of  vapor  that  the  house,  a  few  steps  from 
the  barn,  couldn't  be  seen.  Suddenly  there  was  a  dead  thud  on  the  west  side  of 
the  barn,  then  a  deluge  of  water  poured  from  the  hay  above,  and  all  who  had 
taken  shelter  in  the  barn  had  to  gape  for  breath.  Then  he  saw  passing  obliquely 
before  the  open  door  what  he  took  to  be  the  head  end  of  one  of  the  shots.  It  was 
like  frost  ])articles  moving  among  one  another,  as  bees  while  swarming.  The  thud 
west  of  the  barn  was  another  one  of  those  shots.  Those  who  were  in  the  house  had 
retreated  to  the  cellar,  when  they  were  deluged  with  water.  They  noted  the  his.<»- 
ing  sound  and  a  glare  of  lightning  over  the  ground,  and  had  the  same  difficulty  to 
get  their  breath.  A  woodhouse  and  the  porch  connecting  it  with  the  house  were 
knocked  into  pieces,  and  large  trees  about  the  house  and  barn  were  broken  off  or 
uprooted ;  but  no  one  heard  any  crashing  of  timber  or  buildings,  the  only  noise 
was  the  hissing  sound. 

A  hundred  acres  of  corn  west  and  northwest  of  the  barn  was  laid  flat.     In  a. 
piece  of  timber,  beyond  the  corn,  three-fourths  of  the  trees  were  knocked  down. 
In  another  piece  of  timber,  southwest  of  the  barn,  nearly  all  of  the  trees  were 
down.     About  fortv  rods  east  of  the  barn  is  another  tract  of  timber.    In  a  hundred 
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acres  of  tliis  more  than  half  the  trees  were  down.  A  map  of  the  2,000  acres  of 
land  covering  the  most  destructive  part  of  the  storm^s  courge,  with  lines  showing 
the  directions  in  which  trees  were  thrown,  should  have  the  lines  arranged  fan- 
shaped,  running  from  north  to  south  on  the  western  border  of  the  map,  and  from 
west  to  east  on  the  northern  border.  These  lines  mav  be  evidence  that  the  storm 
was  not  a  tornado. 

My  brother  took  me  over  the  ground  and  showed  me  the  records  of  the  work. 
They  were  not  so  striking  as  immediately  after  the  storm,  but  they  were  still  plain. 
In  a  piece  of  bottom  land,  covered  with  horse  weeds,  a  large  sycamore  tree  had 
been  turned  out  of  root,  and  in  a  circle  of  fifty  feet  or  more  in  diameter  about  the 
root  of  this  tree  the  horse  weeds  were  fiat,  almost  beaten  into  the  ground.  It 
looked  as  if  a  great  ball  of  water,  or  something,  had  struck  the  ground  there  and 
turned  the  tree  out  of  root.  It  was  no  trouble  in  the  patch  of  horse  weeds,  or  in 
the  corn  field,  or  in  the  grassy  woodland,  to  pick  out  where  every  shot  had  struck 
the  ground.  In  every  case  where  a  shot  struck  the  ground  in  front  of  or  at  the 
base  of  a  tree,  the  tree,  if  green,  was  turned  out  of  root,  if  dead,  was  broken  off 
^ven  with  the  ground. 

In  most  cases  where  the  shot  struck  a  tree  above  the  base,  the  tree  was  broken 
off'.  In  one  case,  while  standing  at  the  base  of  an  upturned  tree  in  the  center  of 
the  spot  of  Hattened  grass,  we  could  tell  by  looking  upward  and  westward,  the 
•course  of  the  shot  by  another  tree  that  had  been  topped  in  its  path.  In  another 
case  we  were  standing  in  the  center  of  a  spot  of  flattened  horse  weeds,  wondering 
why  the  shot  didn't  hit  one  or  the  other  of  two  ash  trees  on  the  west  side  of  the 
spot;  soon  we  observed  by  limbs  broken  away  that  the  shot  had  passed  between 
the  two  trees.  In  nearly  every  case  where  a  tree  had  been  topped,  we  could  find 
the  spot  of  flattened  grass  a  little  distance  east  or  southeast  of  the  base  of  the  tree, 
the  direction  depending  upon  our  position  in  the  devastated  area.  In  this  way 
we  could,  in  nearly  every  case,  make  out  the  path  of  the  shot  through  the  air. 
Near  the  central  part  of  the  devastated  area  the  shots  moved  from  the  northwest 
downward  at  an  angle  of  4.")°.  In  the  eastern  part  of  this  area  they  moved  nearly 
eastward  at  an  angle  of  30°  with  the  horizon.  In  some  cases  a  dead  tree  was  un- 
harmed, while  a  green  tree  near  l»y  was  turned  out  of  root,  or  had  its  top  cut  oft'. 
There  was  evidence  that,  on  the  south  margin  of  the  devastated  area,  trees  were 
blown  down  by  the  wind;  but  in  the  central  part  they  must  have  been  knocked 
down  by  globe  lightning,  or  something  else,  shot  from  the  cloud. 

The  evidence  is  that  each  shot  was  accompanied  by  electricity,  raritied  air, 
and  a  deluge  of  water.  The  appearance  resembling  particles  of  frost  flying  among 
one  another,  as  swarming  l)ee8,  suggests  electrified  snow.  Such  a  suggestion  may 
lend  to  experiment.     What  kind  of  a  storm  was  this? 
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Comparative  Crushujo  Stren(;th  of  Cubes  and  Prisms  of  Bedford  I^me> 

STONE.     By  W.  K.  Hati*. 
[Abstract.] 

An  cxaminution  of  the  curve  representing  Baushingcr's  experiments  on  the 
crushing  strength  of  stone  cubes  as  compared  with  the  strength  of  stone  prisms, 
will  show  that  the  law  of  variation  of  strength  is  such  that  the  strength  of  a  prism 
whose  height  is  1},  the  length  of  its  base  will  he  only  !)2  per  cent,  the  strength  of 
a  cube  of  equal  section.  It  is  a  matter  of  doubt  whether  such  a  dinereace  will 
occur  between  tests  of  any  given  specimens  of  the  variation  in  height  mentioned 
under  the  ordinary  condition  of  testing. 

Tests  of  31  specimens  of  Bedford  Limestone  (of  rather  soft  variety)  made  at 
Purdue  University,  show  that  17  cubical  specimens  (4x4x4)  were  slightly  weaker 
than  14  prisms  (4x4x6)  of  the  same  material,  subjected  to  the  same  conditions 
throughout.  Specimens  were  bedded  in  plaster  of  paris.  The  average  angle  of 
failure  in  shearing  was  ()4.o  degrees. 


Some  Mouni>s  of  VAXDERmaJH  County,  Indiana.     By  A.  II.  Pprdue. 

Kxactly  in  the  southeast  corner  of  Vanderburgh  County,  Indiana,  is  a  collec- 
tion of  mounds  and  earthworks,  which,  so  far  as  I  am  aware,  have  never  l>een 
fully  described/  and  which  are  doubtless  anicmi:  the  most  interesting  of  the  State. 
They  are  locally  known  as  the  Angel  Mounds,  takinir  their  name  from  the  owner 
of  the  land  on  which  tiiev  occur. 

A><  the  ground  upon  which  they  are  situated  is  nearly  all  under  cultivation- 
and  the  mounds  arc  rapidly  disappearing,  it  isdesirai)Ie  that  a  description  of  them 
be  placed  in  (>erinanent  form. 

The  remains  an*  situated  u[K)n  the  alluvial  soil  nl'  the  Ohio  River,  north  of 
Three  Mile  Island,  and  lie  between  tw<i  bayous,  one  (»n  the  south  separating  Three 
Mile  Island  from  the  main  laml,  and  an  older  one  on  the  north. 

When  in  a  perfect  state  there  was  probably  an  inclosure,  form«'d  by  the  bank 
of  the  bayou  on  the  south  an<l  an  irregularly  curved  wail,  presumably  a  rampart, 
either  end  of  which  was  terniinati'd  by  the  emb.^nkinent.  At  present  there  are 
about  1,400  yards  of  this  wall  remaining.  As  it  now  stands  it  is  from  5  to  10  feet 
widi'  at  the  base,  and  from  1  to  '1  feet  high.     At  intervals,  usually  of  from  37  to 


*'Aii  imperiei-t  tlesi-riptioii  of  those  moninh  will  he  fouii*!  in  tho  Siui(he>oiiinii  Report, 
l^'M,  i).fti»l. 
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to  yardfi,  there  are  seinicireular  mounds  with  nulii  of  from  o  to  8  feel,  joined  to 
the  outer  side  of  llie  wall.  On  the  supposition  that  tlie  wall  was  a  rampart,  these 
semicireular  projections  from  it  were  probably  lookouts  from  which  the  guards 
could  easily  flank  the  outer  face  of  the  wall.  It  will  l>e  seen  bv  reference  to  the 
map  that  there  is  within  the  outer  wall  i\  similar  inner  <uie,  which  terminates  in 
Mound  No.  '2.  There  is  evidence,  though  very  slight,  that  this  wall  formerly  ex- 
tended from  Mound  No.  2  southward.  It  is  possible  that  it  marks  the  border  of 
the  original  inch)sure  which  was  afterward  extended  to  the  outer  wall. 

The  area  included  between  the  outer  wall  and  the  embankment  north  of  the 
present  bayou  is  a  little  more  than  !»o  acres. 

The  most  striking  object  among  the  collection  is  the  large  mound  within  the 
in<'losure.  Its  longest  diameter  is  500  feet.  Its  width  varies  from  17o  feet  to  *225 
feet.  With  reference  to  altitude  it  is  divided  into  three  parts.  The  southern 
part,  which  is  lt>0  feet  long  and  which  has  been  under  cultivation  for  years, 
varies  in  height  from  (>  to  9  feet.  The  east  border  of  this  part  is  somewhat  ob- 
scured, from  (Miltivation  and  erosion,  but  the  south  and  west  borders  are  distinct. 
The  se<'ond  part  of  the  mound  rises  about  17  feet  above  the  first  part,  and  is  26 
feet  above  the  base.  The  top  is  flat  and  is  240  feet  long  by  112  feet  wide,  and  has 
been  utilized  until  recently  for  an  apple  orchard.  The  third  part  is  a  dome  13 
feet  high  and  stands  on  the  southeast  corner  of  the  second  part.  The  base  of  this 
dome  is  about  48  feet  in  diameter,  and  the  highest  point  is  39  feet  above  the 
ground  on  which  the  mound  rests.  If  the  trees  along  the  Ohio  Kiver  were  re- 
moved, tlie  toj»  of  this  dome  would  afford  a  commanding  view  for  several  iiiiles  up 
and  down  the  river. 

I  shall  nr)t  even  venture  a  conjecture  as  to  the  purpose  of  this  remarkable 
mound. 

I^sides  this,  there  are  six  other  mounds  within  the  inclosure,  denoted  by 
Arabic  numerals.  These  moumls  are  all  circular  at  the  base  and  have  rounded 
tops,  except  No.  .*>,  which  is  a  truncated  cone.  It  has  a  diameter  of  HJO  feet  an<l 
is  10  feet  high.  Trees  of  walnut,  oak  and  maple  are  growing  upon  it.  The 
largest  tree  is  an  oak,  which  is  2J  feet  in  diameter.  This  moun<i  has  for  a  long 
time  been  used  by  the  people  of  the  vicinity  as  a  burying  place.  Mound  No.  1  is 
ll'i  feet  in  diameter  and  12  feet  high;  No.  2,  00  feet  in  diameter  and  0  feet  high; 
No.  1,  100  feet  in  diameter  and  .')  feet  high;  No.  o,  HO  feet  in  diameter  an<l  4  feet 
high  ;  No.  0  is  a  small  indistinct  mound. 

All  of  the  small  mounds,  except  No.  .'J,  are  being  cultivated. 

In  Mound  No.  5,  Mr.  Charles  F.  Artes,  of  Evansville,  reports  having  found 
13  human  skulls,  12  of  which  formed  the  circumference  of  a  circle,  the  thirte<'nth 
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beinji;  in  the  center.     All  were  well  protectt^d  by  slabs  uf  shale.     No  human   re- 
mains are  reported  from  any  of  the  other  mounds. 

In  the  southeast  part  of  the  inelosure  the  plow  fre4(uently  brings  to  the  sur- 
face bones  of  birds,  small  and  lar^e  mammals^  and  human  beings.  This  is  for 
that  reason  designated  on  the  map  *' Burying  Ground." 

Pieces  of  pottery,  such  as  is  now  mnde  by  the  western  Indians,  are  oominon 
within  the  inelosure. 

On  the  north  side  of  the  old  bayou,  beyond  the  area  shown  in  the  map,  is  an 
old  excavation,  from  which  a  portion  of  the  earth  in  the  mounds  was  doubtless 
obtained.  In  this  ext^avation  are  stumps  of  oak  trees,  two  feet  or  more  in 
diameter. 

A  striking  feature  of  these  mounds  is  their  |)erfect  state  of  preservation. 
True,  the  rampart,  if  it  were  such,  has  been  greatly  reduced  in  height;  but  this  is 
probably  due  to  the  fact  that  most  of  it  overflows  during  the  Ohio  floods.  The 
east  end  of  the  natural  embankment  north  of  the  bayou  and  south  of  the  Burying 
Ground  was  improved,  and,  with  the  exception  of  a  few  small  washes,  now  stands 
as  it  was  left  by  the  aboriginal  men  who  did  the  work.  The  large  central  mound, 
except  where  cultivated,  is  apparently  in  a  }K?rfect  state  «»f  preservation.  The  ap- 
parent recency  of  the  work  certainly  indicates  that  it  is  none  other  than  that  of 
the  American  Indians. 

Why  these  mounds  were  located  here  on  tliis  alluvial  soil,  most  of  which  over- 
llows,  and  which  is  productive  of  mahiria,  while  the  highlands  are  only  a  mile 
north,  and  three  miles  to  the  northeast,  at  the  town  of  Xewburgh,  is  one  of  the 
most  commanding  views  along  the  entire  course  of  the  <Jhio  River,  is  a  question. 

About  a  mile  northeast  of  the  large  mound  is  a  single  conical  mound,  150  feet 
in  diameter  and  25  feet  high.  There  are  several  small  mounds  along  the  alluvial 
deposits  of  the  Ohio  in  Warrirk  County. 


Angel  Mound  (1894) 


. '  "-^^^ 

i',\ 

^\  /                       ^•''^^^ 

, 

,,,!'             ■■ 

y\   „-^;--7. ■; 

l>"'" 

\\\m\     '■, 

^m^'::"'"' 

a 

4^4-^    «- 

< 

2 

40f 

0 

1: 

' 

.;'^-0vy    ^ 

th 

\ 

lu 

■■■".'*.'»'  -■' "              >.' 

f 

l. 

6';'"* 

n 

; 

r 

r. '               '--            /■~-^'.„ 

!■ 

\              6,        ^' 

.^      '.- 

>l 

^           '--.>: 

--'■' 

s 

:'  [i) 

4   i 

h^  <J 

"■'                '$ 

'c   ■: 

I   M 

i» 

1  :; 

r 

'■^ 

I 

'*) 

■ 

nJ 

'.  V 

k         I'll  " 

to     ■ 

%       'I'*' 

=   ^ 

Cd 

z  ■". 

,    =)  £■          +>    . 

C£ 

o  =■  i    =    i   ■ 

r          ,      ' 

So     £  .  S                    v'-v. 
Z  1                                   '■:, 

r''i 

(- 

<  ^ 

?  ■,  1 

■\ 

1     ,  ; 

12 


The  Lakk  MiciiKiAN  and  Mississippi  Vallky  Watershed.     By  T.  H.  Rai^l. 

Commencing  near  the  headwaters  of  the  Des  Plaines  River  in  Wisconsin,  hut 
a  few  miles  from  the  shore  of  Lake  Michigan,  tlien  passing  southward,  winding 
slightly,  passing  within  eight  miles  of  Lakc>  Michigan,  and  then,  just  west  of  the 
city  of  Chicago,  passing  the  south  arm  of  the  peculiar  Chicago  River,  still  going 
southward,  this  line  passes  west  of  Blue  Island,  eight  miles  west  of  the  Indiana 
State  line.  It  then  passes  southwest  around  the  headwaters  of  Rock  Creek,  and 
then,  s<;uthea8tward,  around  Thorn  Creek,  which  is  iIa  most  southern  point  in 
Illinois,  and  is  near  Eagle  Lake,  two  miles  west  of  the  Indiana  line  and  directly 
west  of  the  Lake  County  village  of  Brunswick  and  twenty  three  miles  south  of 
the  State  line  monument  on  the  shore  of  Lake  Michigan.  This  line  then  passeu 
northward  and  enters  Indiana  and  Lake  County  in  section  'M\,  township  35,  range 
10  west  of  the  second  principal  meridian.  It  then  bears  southeast wardly  around 
the  headwaters  of  West  Creek,  to  a  high,  wooded  ridge  about  a  quarter  of  a  mile 
north  of  Red  Cedar  Lake,  and  then  passes  along  a  low,  curving  ridge  on  which 
was  once  a  wagon  road,  the  most  beautiful  and  beM  marked  portion  (»f  the  line 
in  Lake  County.  It  passes  eastward  three  miles  over  a  timbered  table-land,  and 
running  south  of  the  center  of  Crown  Point  about  two  miles,  it  passes  across  sec- 
tion 17,  on  which  was  laid  an  "Indian  float/*  and  the  south  part  of  section  1(», 
township  '.\\y  range  H  west,  and  then  south  on  the  east  side  of  the  old  Stoney 
Creek,  and  east  across  sections  3"»  and  3(>,  in  township  34,  range  S,  and  into  sec- 
tion 31,  range  7  west,  where  is  now  the  village  of  Xm  Roy,  and  where  it  turns 
northward,  having  reache<l  its  extreme  southern  limit  in  Indiana.  Here  it  winds 
around  the  head  of  the  south  branch  (»f  Deep  River,  passing  between  that  and 
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Eagle  Creek,  and  bearing  eastward,  south  of  Deer  Creek,  it  leaves  Lake  CX)unty 
almost  due  east  of  the  center  of  Crown  Point,  distant  from  that  town  seven  miles 
and  a  mile  and  a  half,  nearly,  south  of  its  point  of  entrance  into  the  county.  It 
then  j)asses  north  of  a  little  lake,  and  then  east,  and  then  in  a  northeasterly  direc- 
tion across  Porter  County,  running  barely  south  of  Valparaiso  and  north  into 
Liberty  Township  in  township  .'>G,  range  (»,  then  east  across  Jackson  Township 
into  Laporte  County.  Passing  the  city  of  Laporte  and  running  eastward  near 
the  line  of  the  Lake  Shore  Railroad,  distant  a  few  miles  only  from  the  north  line 
of  Indiana,  it  turns  again  Siuithward  till  it  comes  into  Portage  Township  in  St. 
J<»sej)h  Cfjunty,  a  little  west  of  South  Bend.  And  here  on  this  noted  portage  be- 
tween the  St.  Jose[>h  and  Kankakee  Rivers,  this  notice  of  this  watershed  line 
will  el(»se. 
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It  Diay  prove  a  matter  of  interest  to  some,  in  another  f^eneration,  to  have  this 
lino  traced  with  even  this  much  definiteness,  although,  of  course,  it  has  not  bc^n 
/jfiven  with  the  entire  accuracy  of  a  surveyor's  fiehl  notes;  for  the  drying  up  of 
water  courses  and  the  drainage  by  means  of  large  ditches  have  already  almost 
consigned  to  oblivion  the  names  and  the  winding  beds  of  some  of  the  small 
troains  that  were  well  known  to  the  Illinois  and  Indiana  pioneers. 


Some  Notice  of  STREAim,  Springs,  Wells  and  Sand  Rid(;r8  in  Lake 

County,  Indiana.     By  T.  H.  Ball. 

Some  of  the  natural  features  of  Lake  County,  Indiana,  are  rather  peculiar, 
and  are  (juite  surely  of  interest  to  students  of  physical  geography. 

Ik)unded  on  the  north  by  Lake  Michigan,  on  the  w^est  by  Illinois,  on  the  south 
by  the  Kankakee  River,  if  the  waters  of  Lake  Michigan  ever  passed  southward 
into  the  Missi»sippi  and  the  Mexican  (rulf,  as  some  suppose,  the  outflow  was 
quite  surely  over  a  part  of  what  is  now  Lake  County. 

Of  the  two  most  southern  points  of  the  Lake  Michigan  basin,  as  stated  in  a 
former  paper,  one  is  in  Lake  County,  eighteen  miles  south  of  Lake  Michigan,  and 
the  other  is  distant  about  fifteen  miles,  almost  exactly  west,  not  far  from  the  Illi- 
nois line. 

North  of  the  water  shed  the  beds  of  the  streams  have  an  easterly  and  westerly 
<iirection  mainly,  or  northwesterly  and  northeasterly,  while  south  of  this  line  the 
streams  flow  mainly  southward.  The  Calumet,  the  largest  northern  stream,  is 
(jnite  peculiar  in  this  respect,  that  it  flows  across  the  county  nearly  twice,  one 
stream  known  as  the  Little,  the  other  as  the  Grand  Calumet.  The  windings  of  the 
bed  of  Deep  River,  the  second  in  size,  are  quite  remarkable,  and  this  stream,  for 
some  two  miles  of  its  course,  flows  due  north. 

While  not  a  regi(m  of  brooks,  there  are,  nevertheless,  in  this  county,  souie  in- 
teresting and  remarkable  springs,  about  twenty  in  number,  that  are  quite  well 
known.  Three  of  these  are  near  Crown  Point,  and  in  the  l>eep  River  Valley. 
One  has  excellent,  healthful,  mineral  properties,  and  one  will  furnish  water  suf- 
liiient,  so  its  owner  believed,  to  supply  the  wants  of  a  thousand  head  of  cattle 
each  day.  A  fourth  of  these  springs  is  near  Creston,  in  the  Cedar  Creek  Valley, 
nff'ording  a  large  amount  of  water,  and  covering?  several  square  yards  of  surface. 
A  tilth  one,  furnishing  quite  a  (low  of  water,  is  on  the  west  side  of  Red  Cedar 
Lake,  north  of  Paisley,  at  the  base  of  the  low  bluff.     The  sixth  is  on  the  east  side 
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of  the  lake,  south  of  the  Sigler  hotel,  some  rods  out  from  the  blufl',  and  once  cov- 
ered with  the  lake  water,  and  the  seventh  is  still  covered  by  the  lake  water,  in  the 
northeast  part  of  the  lake,  its  existence  ascertained  hy  bathers,  or  divers,  on  ac- 
count of  the  change  in  tem]>erature  of  the  water.  Others  like  it  doubtless  feed 
the  lake.  The  eighth  to  be  mentioned  here  is  in  the  east  part  of  the  town  of 
Lowell,  in  the  Cedar  Creek  Valley,  the  feeder  of  a  beautiful  little  lish  pond.  The 
ninth,  and  last,  to  be  specially  mentioned,  and  surely  not  the  least,  was  known  in 
the  early  settlement  of  the  county  as  the  Mound  Spring,  or  Springs.  These 
springs,  forming  <iuite  a  stream  called  Spring  Run,  are  in  the  prairie,  two  miles 
east  of  the  I^well  mill  pond,  and  a  mile  east  of  Pleasant  (irove.  From  these 
springs  water  was  hauled  in  barrels  for  three  or  four  years  to  supply  many  fami- 
lies of  early  settlers. 

Other  fine  springs  are  in  t'edar  Creek  and  Eagle  Creek  townships  and  aU»ng 
the  West  Creek  Valley,  nearly  all  being  lowland  springs  anil  furnishing  excellent 
water. 

At  I^eRoy,  near  the  water-shed,  there  is  a  well  called  artesian,  sixty-two  feet 
in  depth,  which  is  an  artificial  spring.  The  water  is  excellent.  There  is  another 
like  it  a  mile -east  of  Crown  Point  in  the  Deep  Kiver  Valley,  near  the  river  l>ed, 
eighty-five  feet  in  depth. 

At  Hammond,  in  tlie<rrand  Calumet  lowland,  are  three  true  artesian  wells 
eighteen  hundred  foet  in  de))th.  An  effort  was  made  to  obtain  one  on  the  public 
square  at  Crown  Point,  biit  after  going  through  Id  feet  of  earth  and  clay,  100  of 
quicksand,  *io  of  blue  clay,  112  of  slate  and  shale,  667  of  blue  limestone  streaked 
with  pure  white  sand  ro.ck,  brown  sand  rock  and  line  gravel  of  different  colors, 
and  into  so-called  Trent«)n  rock,  in  all  3,100  feel,  the  effort  was  abandoned.  No 
rising  water  found. 

The  sand  layers  and  ridges  of  the  county  form  an  interesting  study.  The 
shore  of  Lake  Michigan  is  all  sand,  and  this  sand,  generally  in  ridges,  some  mas- 
sive, some  low,  running  about  parallel  with  the  shore  line,  with  marshes  and 
swales  intervening  and  some  swamps  extend  to  the  Little  Calumet,  with  an  average 
width  of  seven  miles.  Some  of  this  sand  is  (piite  white,  some  yellowish.  South 
of  the  Calumet  a  ridge  of  sand  extends  across  the  county  [>assing  out  into  Illinois 
for  several  miles  at  Lansing,  and  leaving  the  county  on  the  east  near  Hobart.  This 
ridge  varies  in  width,  being  twenty  rods  and  then  less  and  then  more. 

The  crest  is  in  some  places  thirty  or  more  feet  high.  Its  direction  is  nearly 
east  and  west.  South  of  it,  on  the  west  side  of  the  county,  is  yet  another  ridge 
with  a  base  about  as  broad  and  a  crest  as  high,  cinnmencing  at  Dyer  on  the  Slate 
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line  tifteen  miles  i<outh  of  the  Illinois  and  Indiana  corner-stone,  and  paHsing  east- 
ward live  miles  and  three-quarters,  then  turning  northward,  taking  in  the  town 
of  (rriffith  and  becoming  much  broader,  it  bears  northeast  and  connects  with  the 
other  ridge  near  Ross,  half  way  across  the  county.  This  ridge  seems  to  have  been 
once  washed  by  Lake  Michigan's  "  proud  waves."  >South  of  these  main  ridges 
an<i  large  sand  barriers  are  four  special  sand  banks  or  small  ridges  that  are  worth 
inspection.  One  is  three  miles  west  of  the  north  end  of  Red  Cedar  Lake,  a  large 
bank  on  the  West  Creek  Bhiff  out  of  which  a  few  years  ago  a  numl>er  of  human 
skeletons  were  taken.  The  second  is  on  the  northeast  shore  of  that  lake,  where, 
also,  human  skeletons,  some  twenty  in  number,  were  taken  out  in  1880,  and  where 
i>  now  a  known,  undisturbed  Indian  burial  ground.  The  third  is  one  mile  and  a 
half  west  of  Crown  Point,  near  one  of  the  head  branches  of  Deep  River.  It  is 
known  as  the  Beaver  Dam  and  is  near  a  large  marsh.  The  fourth  is  three  miles  and 
a  half  east  of  Crown  Point,  near  one  branch  of  Deep  River.  In  the  north  part  of 
i'rown  Point  sand  comes  within  a  few  feet  of  the  surface,  bat  some  prairie  soil 
now  lies  over  it. 

The  immense  bed  of  sand  over  the  Kankakee  marsh  region,  some  five  miles 
in  width,  is  covered  by  several  feet  of  muck.     Tniike  the  deep  white  and  yellow-, 
ish  saTid  of  Lake  Michigan,  this  marsh  sand  makes  excellent  roadbeds,  five,  north 
and  south,  marsh  roads  having  been  made  with  it. 

Xo  time  now  remains  for  noticing  what  these  few  facts  indicate  in  regard  to 
the  physical  conditions  here  somewhere  back  in  the  mighty  past. 


A<  COl'NT  OF   A    MORAINAL   StONE   (^UARRY   OF    UPPKR   SlLURIAN    LIME8TONE 

NEAR  Richmond. 

That  bowlders,  or  rock  fragments  in  some  form  are  to  be  found  in  the  track 
of  a  glacier,  is  one  of  the  most  familiar  of  phenomena.  From  Maine  to  Minnesota, 
and  beyond,  these  fragments  are  in  a  direction  southerly,  with  greater  or  less 
deviation,  from  the  rock  masses  to  which  they  previously  l>elonged.  Lines  of 
boulders,  pebbles,  sand  and  rock-paste  are  strung  along  or  spread  in  the  coiirse  of 
the  ice  sheet;  granite  from  granite  quarries,  gneiss  from  gneiss  beds,  quartz  from 
quartz  veins,  c(mglomerate  from  conglomerates,  copper  from  copper  deposits,  and 
so  on  from  wherever  they  were  formed  in  place. 

But  that  an  acre,  more  or  less,  of  stratified  rock  should  be  grasped,  en  manse  in 
the  great  ice  palm  and  dragged  or  shoved  for  miles  is  not  so  common. 
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Pro!o.S!*«>r  nrt<in,  in  the  <  reDlo^ical  Ki-port  (»l"  <>hio,  Vol.  Ill,  page  .'iSo,  iiieii- 
tiuns  a  iiiiisiji  111' <'lintoii  Limestone  Hixteen  tVet  tiiick  an<I  i'overinjL;  three-i{uarteri« 
of  iin  acre.  <inite  below  its  >j[eologieal  horizon  and  renting  on  glaeial  elay>  ami 
gravels  wliieh  separate  it  from  the  blue  limestone  of  the  Cincinnati  rock  l»eneath. 

The  subject  of  this  pa(>er  is  a  mass  of  upper  Rilnri«in  rock,  Niagara  limestone, 
or  nutre  likely,  Niagara  and  Clinton.  It  h  clearly  a  drift  deposit  and  was  originally 
the  greater  part  of  an  acre  in  extent.  It  is  ditlirult  to  say  just  what  is  its  area  as 
it  extenils  back  from  the  hill-slopi*,  when.-  it  is  ex|K>sed,  under  a  heavy  deposit  c»l* 
later,  moditied  drift.  The  Kvanisville  iV  Richmond  Railroad,  whieli  was  never 
finished  further  than  the  road  betl,  cut  through  it  a  few  years  since  tf)  its  full 
depth,  or  very  nearly.  Portions  of  the  bonier  of  this  rock  moraine  ha<l  been  ex- 
posed for  time  unknown  by  erosion.  A  mixture  of  clay,  sand  and  a  variety  of 
small  boulders  separates  this  deposit  from  the  Hudson  River  rock  of  the  I^wer 
Silurian. 

Fig.  1  gives  a  view  for  near  70  yards  east  and  west.  It  has  been  five  years 
since  the  rocks  were  cut  through,  an<l  as  a  consecpience  the  superposetl  lot)se  u>a- 
terial  has  drifted  over  the  ledges  and  into  the  crevices,  partially  <discuring  the 
promiscuous  jumble  of  the  separate  masses.  Still  it  can  Ix^  seen  that  the  coarM^ 
chunks  of  various  sizes  and  forms  are  jammed  together  at  all  angles. 

Fig.  2  represents  an  instance  of  a  large  block  glaciated  on  the  under  si<le.* 
The  use  of  a  glass  will  aid  in  discerning  the  well-marked  striie.  <.>ne  or  more 
observers  who  have  examined  the  deposit  are  of  the  opinion  that  the  rock  was 
glaciat(>d  from  above  while  in  place,  and  subse«juently  inverted,  biit  the  repi^ated 
occurrence  of  such  under-polishing  aufl  the  finding  of  it  nowhere  but  at  the 
bottom,  would  seem  to  indicate  that  it  w^as  caused  by  sliding  over  the  surface 
lielow.  Furthermore,  sonic  of  the  blocks,  while  being  shoved  ahmg,  api>ear  to 
have  tilted  upward  in  front,  and  as  a  result  were  rounded  off  at  the  heel.  Much 
of  the  ro<'k  is  thick-bedded  an<l  very  compait.  Other  portions  are  softer,  disin- 
tegrate very  easily,  are  staine*!  brown  by  iron  oxide,  and  are  compose«l  mainly  of 
crinoid  fragments.  The  harder  n>ck  (MUitains  various  species  of  corals  ami 
brachio]K)ds,  and  occasi«tnally  the  trilobites  C(ih/ni*'u*-  uiafjaiinin'm  an<l  Ilhnun  day- 

Large  btiwldcrs  of  this  limestone  :iiv  found  for  a  mile  ami  more  south  and 
•itiuthwest  from  tlic  main  mor:iine.  All  must  have  been  remt)veil  from  n  point 
eight,  ten  m-  twelve  miles  n<»rtli.  The  fine  exposure  of  striated  be<l-rock  at 
Thi'itlethwaitc's  pond,  two  miles  to  the  north,  has  the  sirisi  pointing  south  2<1^ 
\\f<\,  whii'b  is  very  nearly  in  lin«'  with  this  morainal  deposit. 
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Formulas  for  Shaft  Friction.     By  J.  J.  Flather. 

Among  the  various  methods  employed  fur  the  long  distance  transmission  of 
)M>wer  shafting  has  been  used  to  a  limited  extent. 

In  many  of  the  earlier  applications  the  motion  was  one  of  translation.  Thus 
in  the  transmission  of  power  from  the  large  overshot  wheel  at  Lazej,  on  the  Isle 
of  Man,  trussed  rods  are  used  to  transmit  about  150  h.  p.  several  hundred  feet; 
the  rods  are  continuously  connected  and  are  supported  on  wheel  carriers  running 
on  iron  ways. 

This  method  was  adopted,  on  a  very  large  scale,  in  the  mines  of  Devonshire 
for  the  transmission  of  power  from  large  overshot  water  wheels  to  pumps  fixed  in 
the  shaft  of  the  mine  at  a  considerable  distance  higher  up  the  valley. 

In  one  case  the  water  wheel  was  52  feet  diameter,  12  feet  breast,  and  its  or- 
dinary working  speed  was  5  revolutions  per  minute.  The  length  of  stroke  given 
by  the  crunk  to  the  horizontal  or  ''Hat"  rods  was  8  feet;  the  rods  were  3.Uinch 
round  iron,  and  were  carried  on  cast-iron  pulleys. 

At  Devon  (treat  Consols,  near  Tavistock,  there  are  altogether  very  nearly 
three  miles  of  .'i-inch  wrought-iron  rods,  carried  on  bobs,  pulleys  and  stands, 
whereby  power  for  pumping  and  winding  is  conveyed  along  the  surface  to  differ- 
4>nt  parts  of  these  extensive  mines  from  11  large  water  wheels  ranging  up  to  50 
feet  in  diameter. 

In  the  transmission  of  power  by  rotating  shafting  supported  in  bearings 
througliout  its  length,  the  friction  of  the  journals  is  a  very  important  considera- 
tion, and  effectually  debars  its  use  for  long-distance  transmission. 

This  can  be  seen  in  the  following  formula*,  which  show  the  relation  between- 
the  horsf-power  required  to  overcome  the  friction  of  the  shaft  due  to  its  weight 
and  velocity,  and  the  horse-power  transmitted  by  the  shaft  for  a  given  diameter 
and  length  corres(>onding  to  an  angular  distortion  of  ,\,  degree  per  foot  of  length. 

If  the  contact  between  shaft  and  its  bearing  l)e  a  line  contact  only,  the  initial 
load  which  produces  friction  will  be  P;  on  the  other  hand,  if  the  shaft  exactly 

fits  the  bearing  the  friction  load  will  lie     —  P;    midway    between    these    lies    a 

4 
value,  PXI.*28,  or    _    P,  which  will  be  here  assumed  as  closely  approaching  con- 

/• 

ditions  of  actual  practice  when  the  journal  is  well  worn  to  its  bearing. 
Under  these  conditions  the  friction  horse-power  will  be: 


HP-  JJL.  -  1         WX  V 
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In  which  K  =  load  due  to  friction ; 

V  =^  velocity  of  surface  of  shaft; 
0  =  coefficient  of  friction  for  factory  shafting; 
"W— ■  weight  of  shaft. 
While  6  varies  from  0.0'^  to  0.08  under  different  conditions,  we  have  assumed 
it  to  e<jual  0.0*>  for  ordinary  factory  shaft! n^i  with  more  or  less  imperfect  Inbricn- 
tion  and  alignment. 

If  there  are  no  pulleys  on  the  shaft,  W  will  e4ual 

TV 

d-  L  X  •^•3'>  pounds,  where 
4 

L  =  length  of  shaft  in  feet,  and 

d  =  diameter  of  shaft  in  inches. 

The  horse-power  exerted  to  overcome  friction  will  then  be : 

"•  ^'»-  -  :130b..  =  t-  -^  X  4  '^'  "^^  '  =  '■'^'^  ^'  L  '■■     ( '' ) 

The  horse-power  transmitted  by  the  shaft  will  be: 

•      i"6  12  y  .s:;ooo''  ^^  ^ 

If  we  assume  the  angle  of  torsion  not  to  exceed  ,',,  degree  per  foot  length 
of  shaft,  there  is  obtained 

^.,       3«)0,     ,  L^    12       360  f,     12  L 


hence : 


0.10LXr({d_ 


when  (i  —  11,000,000;  that  is,  when  the  modulus  of  torsion  =  t  mo<lulu8  of 
elasticity. 

Substituting  this  value  of    f   in  (3),  and  noting  that  v  -^    *  y^'i   ^^  have: 

H.  P.  =.  O.OOy.')  d '  V.  "  ( r> ) 

P'rom  eijuations  (  2  )  and  (  •'> )  there  is  obtained 

H.  P.,.  _  0.000000  d-  L  V 
H.  P.  "      0.00<»:)d»'v"    *' 

that  is,  H.  P...  =0.m)(m  U.  P.  -^^  ^  J^*  ;.;  ^j'^^  very  closely. 

We  see  from  this  that  the  horse-jmwer  required  to  overcome  the  friction  of  a 
one-inch  shaft  1600  feet  long  is  equal  to  the  total  allowable  transmitting  capacity 
of  the  shaft  under  ordinary  working  conditions. 
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The  following^  table,  calculated  fnun  tliis  forniula,  given  the  limits  in  which 
the  power  transmitted  by  a  shaft  would  he  absorbed  by  the  friction  of  the  bear- 
ings under  the  above  conditions: 


I)iain<'tcr  of  Shjift  in 
Inch  s. 


Lenfrlb  in  Feet  Whon 
Total  Power  i?  Ab- 
sorbed. 


Length  When 
//    5<»  iKT  cent. 


Length  When 
;/-75  per  fcnt. 


1 

um 

i 

81 M) 

400 

2 

'6:100 

IHOO 

800 

8 

4800 

2400 

1200 

4 

(UOO 

:;200 

lt)C0 

') 

800<) 

4000 

2000 

In  the  onlinary  transmission  of  j>ower  by  shafting  we  find  the  shaft  loaded 
with  j)ulleys  and  the  power  taken  off  by  varying  amounts  throughout  its  entire 
length.  It  is  unusual,  except  in  short  lengths,  to  receive  the  power  at  one  end 
and  transmit  it  at  the  other.  Moreover,  in  long  shafting  the  head,  or  receiving 
shaft,  is  usually  situated  midway  between  the  ends,  and  the  power  distributed 
more  or  less  uniformly  from  this  headshaft  to  either  end ;  therefore,  in  estimating 
the  power  absorbed  by  friction  in  ordinary  mill  or  factory  shafting  loaded  with 
]>ulleys,  the  previous  formula?  do  not  apply,  as  these  relate  only  to  those  cases 
where  power  is  taken  ofl'  at  the  end  of  the  shaft. 

The  conditions  of  practice,  as  we  find  them  in  actual  transmissions  are  so 
various,  th.it  it  is  ditHcult  to  lay  down  any  general  rule  by  which  the  j>ower  ab- 
sorbed by  friction  may  be  determined.  The  number  and  weight  of  pulleys  and 
couplings,  the  intensity  and  direction  of  belt-pull,  the  condition  of  bearings  ami 
their  lubrication  ;  these  all  affect  the  amount  of  work  lost  in  friction. 

For  the  ordinary  factory  shafting,  from  which  power  is  taken  fairly  uniformly 
throughout  its  length  and  distributed  horizontally  to  counter  or  auxiliary  shafts 
situate*!  on  one  (»r  both  sides  of  the  main  shaft,  there  will  be  three  general  cases 
to  be  considered,  and  each  of  these  will  be  modified,  depending  upon  the  directioa 
of  the  belt  to  and  trom  the  main  shaft. 

The  friction  will  evidently  be  j)roportional  to  the  weight  of  the  shaft  an<l  the 
unbalanced  belt-pull  acting  on  the  shaft. 

The  weight  of  pulleys,  belts,  clutches  and  <'ouplings  carried  by  the  line  sliaft 
will  vary  fronj  about  one  and  one-half  to  three  times  the  weight  of  shaft,  so  that 
the  total  weight  on  the  bearings  will  vary  from  two  and  one-half  to  four  times  the 
weight  ol  shaft;  for  head  and  jack  shafts  the  total  weight  will  probably  vary  from 
three  to  five  limes  the  weight  of  shaft. 
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In  addition  to  this  weight  there  i>  the  unl.>ulan<-ed  belt-pull  which  increaaes 
the  load  on  the  bearings.  Although  the  teni^ion  on  the  tight  side  of  tlie  belt  may 
not  ordinarily  exceed  about  twice  the  tension  in  the  slack  side  necessary  for  ad- 
hesion, yet  it  is  probable  that  belts  are  fre4|uently  run  with  a  ratio  of  tension 
equal  to  one  to  three,  and  occasionally  one  to  four.  On  the  other  hand,  it  is  a 
very  common  thing  for  belts,  especially  >hort  ones,  to  be  laced  so  taut  that  the 
initial  tension  is  greatly  in  excess  of  that  re«piired  for  adhesion,  in  which  case  the 
«um  of  the  tensions  approiiches  twice  that  in  the  tight  side  of  the  belt. 

With  ordinary  shop-worn  l>elting  it  will   be  saf<>  to  assume  that  the  tension 

'Tj  on  the  slack  side  of  the  belts  is  une-hall  the  tension  T,  on  the  tight  or  driving 

T 
side,  that  is  Tj  J  ,  hence,  since  T,  —  T_.  =  P.  the  driving  force,  we  have 

'2      ^  :i;U)(K)' 
Under  the  conditions  which  obtain  in  machine  shops  the  diameter  of  a  shaft 
to  safely  transmit  a  given  horse-power  without  undue  deHection  may  \te  obtained 
from  the  formula 

Combining  (  7  )  and  ( 8  )  we  have  % 

2        :i;jooo        1(X)  ' 
,  ,,,         OiiO  d     X 

Therefore  the  sum  of  the  tensions  «>n  the  entire  length  of  shaft 

or  B,  ^       •     d  •  N  verv  near! v. 

d'  N 
Hence  the  belt-pull  ])er  f<K»t  of  length  of  shaft  --  1(X>0  -p  *  .     The  force  of  fric- 

tion,  F,  acting  at  the  circumference  of  sliaft.  is  _  •»  \V.    as   l)efore,    but    in  this 

■case  W  equals  tlie  weight  of  shaft.  W.,  and  its  furniture,  as  well  as  the  unbalanced 

Wlt^pulK 

The  belt  tension  may  act  in  any  direction  |)erpondicular  to  the  axis  of  the 
shaft,  and  the  intensity  of  pull  in  any  given  <lirection  will  vary  from  0  to  the 
maximum  to  total  tension,  besides  these  tensions  there  will  be  an  additional  pull 
due  to  the  tensions  in  the  belt  from  fly-wheel  to  main  line  shaft. 
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Let  B,— belt-pull  due  to  total  tenyiuiis  acting  at  an  angle,  J,  with  the  horiz- 
ontal ; 

H' —belt-pull  line  to  tensions  in  main  belt  acting  at  an  angle,  a,  with 
the  horizontal  ; 

V'=linear  velocity  of  main  belt  frum  riv-wheel ; 

V^=^average  linear  velocity  of  cross  belts  ; 

r— .^  —ratio  of  velocity  of  main  belt  to  average  velocity  ol   cross  belts, 

then  ilie  horizontal  pull=:I5' coKoc -|-Bi  cos  >  '  H) 

and  ilie  vertical  pull---B'  sin  x  -f-Bj  sin   ^  (12) 

B  d"N' 

But  B'  ^-  '1'.-   101^  ".'-..'  (13) 

r  \  r 

/CO*!    X. 

therefore,  the  horizontal  pull=Bj  (     ^        -l-  cos  <  )-j  ; 

r 

and  tlie  vertical  pull  — B'(  —    "  -f  sin   -f  )  =  »/; 

r      —  "^     * 

If  a  n^Oand  ,^=0, 

then/-^B,  (  ^     •     1  ) 

r  • 

and    !f=0. 

The  most  usual  case,  when  the  power  is  not  taken  »»tt'  erjually  on  either  side, 

will  be  that  in  which  main  belt  makes  an  angle  with  the  horizontal,  and  the  cross 

belts  are  themselves  horizruital,  that  is: 

x  =  B,  ('■"''='■...1) 

r  ^ 

B,    . 
v  =     '  sin  cr. 

r 
When  the  horizontal  i-rosii-belts  are  di>tribute<l  e«|Ually  on  either  side  of  the  shaft 

the  only  loa<l  we  need  consider  will  be  that  due  to  the  main  belt,  in  which  case 

X  =-.  B,  cos  -jc , 

-  and 

r 

y  =.  B,  sin  X  . 

r 

If  tlie  machines  be  driven  from  l)elow,  the  pull  of  the  belts,  instead  of  adding 
to  the  load  on  the  bearings,  will  cause  this  load  to  be  decreased;  but  as  this 
method  is  not  usual  we  shall  not  consider  it  here. 
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Combining  the  l«»arl  on  the  shaft  «lue  to  the  belt  j»nll  with  that  due  to  its 
weight,  the  resultant  load  will  be 

hence  the  friction  load  will  he 

If  W.  =  3  (.^d»   .    S.Sfl  L  )  we  have 

>^  --  *  "  -^/  x'  f  [y  -h  3  (  ^  d»  X  -.30  L  )]^  <  ^''  ^ 

Taking  a  specific  caw  in  which  the  cross  belts  are  aHSumed  to  drive  horizon^ 
tally  on  each  side  of  the  line  shaft,  and  the  main  belt  to  make  an  angle  of  30^ 
with  the  horizontal,  we  have 

The  velocity  of  intermediate  belting  is  so  variable  that  any  assnmption  of 
speed  must  be  regarded  as  applying  to  a  particular  case  or  representative  of  a  cer- 
tain type  of  factory,  and  can  not  be  taken  as  general.  In  many  machine  shops 
the  average  speed  of  intermediate  belts  is  n(»t  more  than  500  feet  per  minute;  in 
others  the  average  speed  in  more  than  twice  as  great,  and  in  wood>working  ehopn 
it  is  still  greater. 

For  our  pre:ient  purpose  we  shall  assume  an  average  si)ecd  of  060  feet  per 
minute  for  belts  running  from  the  main  shaft  to  a  secondary  or  countershaft,  and 
four  times  this  speed  for  the  veUicity  of  l»elt  from  engine  to  main  shaft,  that  is 

^r  =  r  =  4. 

Substituting  these  values  in  (  l.'H  we  have 
1  ...lOOOd'N^J     .,.^,, 

^      4  tw;o  4    - 

therefore  F  =  "^  4^V[  i  (  ]  <1  'N  cos  x  ]  ^  -i  tT(  ]  *^  '"N  skTx  )  +  TTiTdMr]  * 


=  \/  [  0.0'J')  d  *  X]  -  4-  [0.014  d  •  N  -i-  0.(5  d  ^^  L  ]  -  (  16  ) 

From  the  formula  for  the  power  absorl)e<l  by  friction  we  have 

F  V  =  H.  P„.  -  .{Iw'^^l i'  '"  "•  ''"•  ""  ^-^  ''  ^  ^  ^^'       ^^''^ 
hence  the  ratio  of  power  absorbed  by  friction  to  the  horse-power  which  the  shaft 
is  capable  of  safely  transmitting  will  l»e 

H.  P...      0.0'  Sd  NF      0.08  F 
—         —  -  ,     V-  -  =   ■  1  .-     P«r  cent. 

H.P.         0.01  d     N  d  ^     *^ 
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From  this  expression  the  following  table  has  been  computed  for  a  3-inch 
■shaft  running  at  100  and  2-'»()  revolutions  per  minute: 


Percentage  of  los8  when  length  in  feet. 


I>iaiiieter  of  .<ihfi 
in  inohos. 

I  ft 

Re 

VDlution.'' 
minute. 

I»er    i 

1(X> 

200 

400 

m) 

16(W 

:i 

ll.H) 

.->.! 

9.0 

19.0 

38.7 

o 

ir>o 

r>3 

U».6 

20 

39 

r7S 

It  is  worthy  of  remark  that  in  long  lines  of  shafting  the  influence  of  belt 
pull  on  the  bearings  is  very  slight  compared  to  the  weight  of  shaft  and  pulleys, 
HO  that  the  loss  in  friction  is  but  little  more  than  that  due  to  weight  alone. 

With  better  alignment  and  better  lubrication  the  loss  will  be  less  than  that 
here  given;  in  long  continuous  lines  of  shafting  the  bearings  are  always  more 
or  less  out  of  line,  and  for  this  reason  the  loss  will  be  less  if  short  .lengths  be 
employed. 


ORTIIOiiONAI.   ►^rilFACl'i*.       By   A.    S.    ILVTIIAWAY. 

It  is  well  known  that  a  given  system  of  surfaces /  (x,  y,  z)  —  v  has  in  general  no 
pair  of  orthogonal  conjugate  systems,  i*.  e.,  such  that  the  surfaces  of  the  three  sys- 
tems through  any  )>oint  are  mutually  orthogonal  at  that  point.  It  has  been  shown 
by  C'ayley  [Salmon's  Three  Dimensions,  jk  447]  that  /(/.  y,  z)  must  satisfy  a  dif- 
ferential e<|uatioti  of  thinl  order  if  it  posst-ss  a  pair  of  orthogonal  conjugates.  In 
the  course  of  some  recent  invesiigations  on  fluid  motion  I  was  led  to  observe  that  a 
given  system  of  surfaces  might  have  two  pairs  of  orthogonal  conjugates,  in  which 
case  it  would  have  an  infinite  number  of  such  pairs.  In  order  that  such  may  be 
the  cas<? /(>,  //,  z\  must  satisfy  a  ditl'erential  equation  of  second  order  which  is  a 
particular  integral  of  (.'ayley's  ecjuation  of  third  order.  This  ditl'erential  eiiuation 
is,  in  Cavh'vV  notation, 

=  A  .  I?  4-  yp  +  A'2)  ( A,  /;,  C,  F,  G,  //. .  I  L,  .1/,  .V  )- 

when.^  Ly  3/,  iS',  a,  6,  r,  /,  7,  A,  ai-e  the  first  and  second  diflerential  ctK'fKcients  of 
/( J,  y,  2),  and  Ay  By  C*,  dc.y  are  the  minors  of  «,  6,  c,  etc,  in  the  matrix 


a  h 

9 

h  h 

f 

Of 

e 
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A  very  geiiiTul  noiution  of  this  e(][Uution  comofl  from  a^=ft^-:rj /^^  yr ..  h 
-.^Of  which  are  the  ditteroiitial  equations  ol*  tlie  series  of  spheres  tliat  psL^s  through 
a  given  fixed  eireh*,  iiieluding,  as  particular  oases,  concentric  spheres,  planes  inter- 
secting in  a  fixed  lintr,  and  parallel  planes. 

It  may  be  shown  that  the  above  equation  factors  into  four  factors  of  the  form 
I  6'  — r'  D  .._  I  c^  —a^  J/'  _.  1  «' — 6'  iV'  where  a\  b\  c\  are  the  roots  of  t!ie  cubic 
found  by  replacing  a,  6,  c  in  the  above  matrix  by  a-  j,  6  x,  c — z.  Tlie  difl'erential 
equation  may  also,  by  the  usual  recriproeal  traubformation  A'-.  /,,  Y  -  M^  Z=^*V, 
L^  —  a  r^  L  z  -\-  M  y   f-  ^  ^i  ^^^  reduced  to  a  simpler  form. 

The  preceding  differential  equation  and  the  resulting  theory  of  orthogonal 
surfaces  were  obtained  by  quaternion  analysis,  briefly,  if  >,  >'•,  are  two  perpen- 
diculars to  the  surface  normal  d,  that  are  also  surface  normals,  then  we  have, 

(1)  5>-(r--o;    (2)  S/-Y^'  —"\    l«^l   *V/.<Tv>.  <^  =  t>. 
We  may  replace  (3)  by 

(3'i  S>^o^^7.o^--o^  or  .y  A  ^  T"^  ?.--",  where  0/ =  .5  (Vi*^^- ^^1+ '^I'S'/- Vi)» 
Thus  ^  is  tlie  self  conjugate  linear  vector  function,  whose  matrix  is  given  above. 
From  (li  and  (3'.)  we  find 

This  determines  A  as  one  (and  a  a  as  the  other;  of  the  two  latent  directions  of  the 
plane  self-conjugate  vector  function  I'ff^  I'rr/.  There  is  therefore  in  general  but 
cme  pair  of  normals  that  may  satisfy  the  conditions  of  which  ■  2)  becomes  a  condition 
upon  <T,  or  the  differential  et^uation  satisfied  by /(x,  y,  z)  in  order  that  it  may  possess 
a  pair  of  orthogonal  conjugaU's.  If,  however,  the  above  plane  vector  function  have 
equal  latent  roots,  tlien  its  latent  directions  become  indeterminate.  This  means 
that  (1)  becomes  a  factor  of  (3')  so  tliat  the  only  equations  to  be  satisfied  are  (1), 
(2).  These  may  be  satisfied  without  other  condition  upon  f^  than  the  above  equality 
of  latent  roots  which  is  the  differential  equation  that  wi'  have  given  at  the  be- 
ginning of  the  paper. 

Note.  Since  pR'>entliitJ  the  above  I  liavo  ni»tice<l  that  the  Intent  r(K)ts  of  the  plane  ftrain 
mentioned  are  ])ro|>orlionals  to  the  principal  radii  of  rurvatur*'  of  normal  sections  of  the 
Kurfiurv  /  r.  »/,  z  =c.  The  iihove  difTerential  e«iuation  of  st»o(>n<l  <»nier  thfTef(»re  exprewes 
that  every  point  of  each  of  these  surfiu'e**  i«f  an  nmbille.  Ilcniv  the  >ri*ui'ral  solution  consists 
«if  a  system  of  sphen'S  'or  planes)  with  one  variable  parani»»t«-r.  '«'  —  .1/.  »/.  '»•  The  above 
(piateruion  methoil  uives  also  the  conditions  that  a  systiMu  <»f  llni'<  nmy  Ix'  the  intersection 
of  one  pair  <»f  orilio;»«Mml  sysu-nis  of  snrfaees.  or  of  an  Inliniti'  ntinilier  of  such  pairs. 


The  Calendar  Groi:i'.     By  C.  A.  Waldo. 
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LiNKAli    KlTHYMORrmc   FlNCTIONS   OF  THK   FlIWT  OrDER. 

By  K.  M.  Hlake.     (Abstract.) 

Euthyinorphic  funrti(»iis  un>  those  nionogenic  functions  which  satisfy  an  equa- 
tion of  the  form 

^i>)   ^ />i(.2)  p  i/i.3i  I -r  .    .    .    + />«(2).  <>«/ii(*n  T-;>(2)  —  0 
where  /"j,  .     .     .  ,/n,  ?>i,  .     ■     •  i  jt)n ,/>  are  given  functions  of  which  p,,  .    .    .  , 
Pn^  p  are  algehruic.     The  order  o(  9  (z)  is  n  and  it  is  linear  if  all  of /,,  .     .     .  , 

/«  are  of  the  form      *  ^  ^  • 

■y  z  '    n 

The  paper  gives  a  systematic  compilaticm  of  the  investigations  of  Bahhage, 
liausenberger,  Koenigs  ami  others  u{Min  functions  defined  by  an  equation  of  the 
form 

(where  p{z)  is  algebraic!  in  so  far  as  relation  to  their  existence  and  analytical  ex- 
pression. The  the<>reius  of  Knenigs  relate  to  more  general  fnnctions  but  they  are 
only  defined  within  a  limited  circle  of  convergence.  The  application  of  these 
theorems  to  enthymorphie  fnnction>  and  their  continuation  over  the  entire  2-plane 
are  believt^d  to  be  new. 

A  tabulation  of  the  result^  contained  in  the  paper  is  as  follows: 
Kvi-ry  equation  ;  1  i  can   he  ri'tlmu'd  by  a  linear  transformation  to  one  of  the 
three  forms  :  9  isi  — /) '21  0  u  f  1 )  I. 

0  IZ)    ■-  piz)  Oi€  '^  Z)  II. 

9(2;     -  />(3)0(as),  I   a  ;  <  |  .      HI. 
Sub-forms  and  their  solutions,  (/  is  any  function), 
la.     9  121       o  12  -   I  I ;  /u'  *"' ") 
16.     9(2)       60(2-1-  I  ;  6-=. /(<'  =  ^'=) 

Ic.     9(^)--''— '4'-'---  •  •  ^^-«-^(24-l) 

(2 6,  )   .    .    .    .    (2  — .  6„  ) 

.    r(2  — 6,  )   .    .    .    .    1(2         6n  I      f  i,twiz\ 
I    (2  — tt]  )   .    .    .    .     1    (2         an*) 

Id.    6  iz)  —- p{z)  <!>  {: -r  I):  p{z)  irrational  is  unsolved. 
Ilrt.    6\z)  —  o  \ei^z);  f  [2^) 

116.      oiz)      .6^(,:'»,l;z_'i|?.*./(.!^) 

II,-.     ,^(x)=p^^)f{~z)■,  (Pit).  p(-z)  =  l);  (l+p(z)).f(zll.) 
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For^/(c)  nut  a  constant  llr.  is  the  only  solved  form. 
Ilia.     ou)  =  9(ar);/u-,^.) 

III6.     H^)  =  6^(ar);r-|;^./U^) 


*  ^  -  ~  a »  I 


IIIo.     0(2)=20(ar);    |«|(l-r""ri.    .^H  <1  + '"^  )•  /  (- 7^^^ 

IIW.     b(r)=pfr)0(ar);  (;>(o)  =  l);  -•*>•/ '.•?3;7^)- 
The  T{z)  has  the  snme  number  of  hranchos  as  p{:).     It  maybe  algebraic. 

When  transcendental  «-   is  its  only  (>sM*nti:il  singular  )>nint. 

The  solution  of  any  equation  of  form   111.  con^iiits  of  a  product  of  ^«olutions 

of  the  lour  ty{R'S  given. 


NkW    MECHAKrCAL   COMPITER.       Hy    FrKD   MoRLEY. 


A  New  ArrARATr«  for  Photo ;raphh-  Surveyinc;.     Hy  Fred  Morley. 


CRrSHINJ;    .STREN(iTH    OF    WROUGHT    IroX    CYLINPER-'.        I>Y    W.     K.     1 1  ATT    AND 

L.  Fletemeyek. 


Tyxth  (»f  a  WRoiHiHT  Iron  C'ar  A X le.     llv  W.   F.  M.  iioss. 

While  much  has  been  written  conccrninj:  the  variety  and  intensity  of  the 
stresses  which  service  conditions  impose  upon  rar  axles,  there  have  been  presented 
but  few  de»cri])tions  of  the  behavior  of  such  axles  when  under  stresses  that  are 
simple  ami  definite  in  character.  Interesting  material  of  the  latter  class  is  sui»- 
plied  by  a  reeent  test  of  a  «50,<MK»-pound  tixle  made  in  the  Engineering  Laboratory 
of  Purdue  Universitv. 

The  axle  tested  was  supplied  by  the  Kass  Foun«lry  and  Machine  Works,  of  Fort 
Wayne.  It  is  said  to  have  been  made  of  No.  1  wrought  railroad  scrap,  and  tnhave 
been  selected  at  random  from  a  lot  of  1(K)  which  were  being  shipped  to  a  railroad 
company,  and  with  it  there  was  delivered  to  the  laboratory  a  small  test  spi'cimen 
which  had  been  drawn  down  from  the  crop  end  of  the  axle.  As  {irepared  for  the 
tests  the  axle  carried  two  3l.i-inch  cast  wheels,  and  it  was  tested  under  transverse 
stresses,  while  the  small  specimen  was  subjecteil  to  tensional  tests.  The  work  was 
executed  by  Mr.  J.  JI.  Klepinger,  who  perfected  details  in  the  general  plan  and 
waK  painstaking  in  the  manipulation  of  the  apparatus. 
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The  tests  were  made  on  a  liOO, 000- pound  Riehle  testing  machine,  a  general 
view  of  which,  with  the  axle  in  place  for  testing,  is  shown  by  Fig.  1.  Fig.  2 
gives  the  dimensions  of  the  axle  and  the  details  of  the  arrangements  for  applying 
loads.  The  axle  wa^i  supported  by  oast  iron  blocks,  AA,  four  inches  in  breadth, 
shaped  to  the  form  of  a  bearing,  and  extending  from  the  center  to  the  outer  end 
of  the  journal.  The  actual  points  of  support  were  located  in  the  center  of  these 
bloi'ks.  l^^ad  was  applied  to  the  wheel  treads  through  steel  rollers,  BB,  which, 
at  the  beginning  of  the  test,  were  located  4  feet  10  inches  apart;  that  is,  at  a  point 
corresponding  to  a  position  three-fourths  of  an  inch  outside  of  the  inner  or 
''gauge  face"  of  the  rail  upon  which  it  may  be  supposed  the  wheels  were  set  to 
run.  In  this  manner  stresses  were  imposed  upon  the  axle  which  were  in  every 
way  similar  to  those  which  might  have  been  imposed  by  a  car,  if  the  axle  had 
been  in  service,  but  to  give  greater  facility  in  testing,  the  usual  order  was  re- 
versed, the  rails  being  assumed  to  be  above  the  axle  and  the  car  below. 

Fig.  '2  shows  also  the  means  employed  in  determining  the  deflections  corre- 

sponding  to  diflerent  loads.     At  each  end  of  the  axle  there  was  attached  a  light 

« 
arm  (bb),  extending  at  right  angles  both  to  the  axle  and  to  the  ))lane  of  the  stresses 

to  which  it  was  subjected.  Over  these  was  stretched  a  fine  wire  parallel  to  the 
axis  of  the  axle.  The  wire  passed  through  the  web  of  the  wheels,  in  holes  which 
were  drilled  for  the  purpose,  and  made  sufficiently  large  to  give  ample  clearance. 
The  whole  length  of  wire  between  the  arms  (bb)  was  at  all  times  perfectly  free, 
and  the  arrangement  was  such  that  although  the  axle  might  be  l>ent  by  luads 
applied  to  it,  the  wire  would  remain  straight.  Three  micrometers  attached  to 
blocks  clamped  about  the  axle  served  to  hnrate  the  latter  with  reference  to  the 
wire,  and  thus  to  determine  the  deflection.  A  fourth  micrometer  was  used  to 
measure  distances  between  the  wheels'  flanges  in  a  line  parallel  with  the  axle  and 
16A  inches  distant  from  its  center. 

Ijoads  were  applied  at  ('  in  5,000  pound  increments,  and  all  micrometers 
were  read  before  each  change  of  load.  In  this  way  a  maximum  load  of  85,000 
pounds  was  applied,  under  which  the  axle  showed  unmistakable  signs  of  failure, 
the  elastic  limit  having  been  reached  with  a  load  of  55,000  pounds.  The  results 
are  presented  graphically  by  Fig.  3,  in  which  the  curve  marked  "center"  repre- 
sents the  deflections  of  the  center  of  the  axle  as  determined  bv  the  middle  microm- 
eter.  Fig.  2;  the  curves  marked  "right"  and  "left"  represent  corresponding 
deflections  for  points  18  inches  either  side  of  the  center.  Deflections  of  the  axle 
involved  changes  in  the  gauge  of  the  wheels  as  measured  above  or  below  the  axle, 
the  extent  of  which  is  indicated  by  Fig.  4. 
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The  dimeoBionB  of  the  axle  were  Huch  (Fig.  2)  that  when  louled  to  its  elastic 
limit,  the  niaximulu  fiber  Blresf  at  ibi  center  was  29,730;  at  Ifl  iucheo  from  the 
center  22,100  pounds,  ami  at  the  neck  of  the  journal  20,G00  jHiunds. 

The  aite  tested  was  dexigned  (or  use  under  a  freight  rar  of  G0,01K)  pounds 
capacitj,  the  car  itself  trcighiDg  about  20,000  poundu.  Each  of  the  four  ailea 
under  Ruch  a  loaded  car,  therefore,  must  withstand  a  static  load  of  '20,000  jraunda, 
which  load  would  develop  a  maiiniuiu  fiber  strew  in  the  center  of  the  axle  tested 
nf  10,810  pounds.  In  comparing  these  values  with  those  obtained  in  the  teste  aa 
given  in  the  preceding  paragraph,  it  is  important  Co  remember  that  the  streMee 
to  which  car  axles  are  subjected  when  in  service  arise  from  complicated  coodU 
tioDB,  and  lliat  their  value  can  not  be  determined  from  utatic  conditions  alone. 

The  test  specimen  which  was  forged  down  from  the  crop  end  of  the  axle  WM 
turned  down  in  the  center  for  a  distance  of  8.5  inches  and  tested  under  lensioD. 
The  results  are  as  follows; 

Diameter  in  inches 1.87S 

Area  of  cross  section 2.76B 

Total  load,  pounds 140,700. 

VUimate  strength,  pounds,  per  Bi|uare  inch GI,070. 

Rlaslic  limit 30,000. 

Modulus  of  elasticity 29,671,000. 


Area  (11  point  of  frncliiri.'  — 
Vvt  cent,  ot  iiriginnl  area. 
EloDgntioti  in  K  iiii.-litf!',  ]iei 


Finully  [>ne  end  of  the  lest  specimen  wRB  expuned  to  Ihc  action  of  acitU,  and 
till'  et[-hing  thiiH  ]iru>lii(-eil  iici^il  in  prinlinK  Fi);.  ^.  TliJH  liKiire,  therefore,  sIidwb 
•  the  ilinpotiition  ami  relative  density  of  the  various  layers  of  iron  touij>0)iin(;  the 
spei'inien.  The  symnietriesl  arraDgenient  of  cnrved  I'mea,  whieh  is  so  nDticenhle, 
isi  due  evidently  to  the  hamuiering  of  the  round  section  of  the  aile  to  a  Hi|nare 
section  In  the  pnicesa  of  forging  the  end  of  the  axle  down  lo  the  siEe  of  the  test 

While  the  leslH  show  tiie  iron  of  the  axle  to  have  been  of  ejccellent  qiiulily, 
the  most  sigiiiticant  fact  doTeloped  in  that  concerning  the  amount  of  distortion 
whicli  such  an  axle  will  withstund  Hithoiil  taking  a  permanent  set. 

It  wonld  at  lirsl  sight  appear  iinpossihle  that  by  loads  applied  at  the  journals 
11  common  car  axle  could  \ie  dellccled  al  its  center  as  oinch  as  a  third  of  en  inch 
without  exceeding  il«  elastic  limit,  hut  an  analysis  of  the  data  siven  wilt  fully 
justify  sui.-h  ii  concluMon.  The  resnlls  bIiow  aL'i>  ihni  a  detlcction  of  the  axle 
well  within  the  elastic  lioiit  of  the  material  may  be  KuHicient  to  produce  a  tem- 
porary change  ot  gauge  in  the  wheels  mounted  upon  it  of  i|uite  three-tenths  (0.3) 
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Si'BWVisiON  OF  Powk: 


By  .1 


J.    K  LATHER, 


Wbilp  economy  io  the  use  of  |ii)wer  shuiild  be  secnndury  Ui  increased  uulput, 
yel  careful  alteiuioii  totleltiils  wilt  often  greatly  reduce  (lie  use Ies8  waste  of  power. 

It  IB  well  known  among  engineers  lliat  ihere  ia  a  very  great  percentage  of  iou 
ilue  to  shaft  friction,  which,  in  ?hops  where  ihe  huildings  are  more  or  less  acal- 
lered.  is  probably  not  far  from  75  per  cent,  of  the  tutnl  power  used.  In  tw<i  cases 
known  111  the  writer  Ui«se  Insuvs  ire  80  ami  'J:t  per  cent,  reapeutively. 

No  matter  how  well  a  long  line  ol'  shnfting  inuy  have  been  ere<:te<l,  it  sonn 
loses  its  alignment,  and  the  power  necessarT  to  rotate  it  is  increased. 

In  iiiiLchint-  shofis  with  a  line  of  main  shafting  rnnning  down  the  center  of  a 
room,  conneele<l  by  short  bells  with  innTimerablc  comi  lent  hafts  on  either  side, 
often  by  more  than  one  belt,  and.  as  freijoently  happens,  i 
or  mure  auxiliary  shafts  which  drive  other  countershafts,  we  c 
]<ciwer  rei|ULre<l  In  drive  ihii  shafting  ^faotlld  be  so  large. 
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There  is  no  doiiitt,  however,  tliat  a  large  ]vercentage  of  the  power  now  ispent 
in  overeoniing  the  friction  of  shafting  in  ordinary  practice  could  be  made  avail- 
able for  useful  work  if  much  of  the  present  cumbrous  lines  of  shafting  were 
removed. 

Manufacturers  are  realizing  the  enormous  loss  of  power  whicii  ensues  from 
the  present  system  of  transmission,  and  we  find  a  general  tendency  to  intnxiuoe 
different  methods  by  which  a  part  of  this  loss  will  Ik>  obviated.  Among  these  are 
the  introduction  of  hollow  and  lighter  shafting;  higher  speeds  and  lighter  pulleys; 
roller  bearings  in  shaft  hangers;  and  the  total  or  partial  elimination  of  the 
shafting. 

Independent  motors  are  often  employed  to  drive  sections  of  shafting  and 
isolated  machines,  and  among  these  we  Hnd  steam  engines,  electric  motors,  gas 
engines  and  compressed  air  motors,  although  the  latter  have  not  been  used  for 
this  purpose  to  any  extent  in  this  country. 

For  the  average  machine  shop,  short  lengtlis  of  light  sliafting  may  be  em- 
ployed to  good  advantage,  and  the  various  machines,  arranged  in  groups,  may  be 
driven  from  one  motor.  Hy  this  method  fewer  motors  are  required  and  each  may 
be  so  proportioned  to  the  average  load  that  it  may  be  run  most  of  the  time  at  its 
maximum  efHciency.  When  short  lengths  of  shafting  are  employed  the  alignment 
of  any  section  is  very  little  affected  by  local  settling  of  beams  or  columns,  and 
since  a  relatively  small  amount  of  power  \n  transmitted  by  each  section,  the  shaft 
may  be  reduce<l  in  size,  thus  decreasing  the  friction  loss.  Moreover,  with  this 
arrangement,  as  also  with  the  independent  motor,  the  machinery  may  often  be 
placed  to  better  advantage,  in  order  to  suit  a  given  process  of  manufacture; 
shafts  may  be  placed  at  any  angle  without  the  usual  complicated  and  often  un- 
satisfactory devices;  setting-up  room  may  be  provided  in  any  suitable  location  as 
required  without  carrying  long  lines  of  shafting  through  space.  This  is  an  im- 
portant consideration,  for  not  only  is  the  running  expense  reduced  thereby  but 
the  clear  head  room  thus  obtained  free  from  all  shafting,  belts,  ropes,  pulleys  and 
other  transmitting  devices,  can  be  more  easily  utilized  for  hoists  and  cranes,  which 
have  so  largely  come  to  1>e  recognized  as  e^tsential  to  economical  manufacture. 

There  is  also  less  liability  of  interruption  to  manufacture  on  account  of  the 
subdivision  of  power,  and,  in  case  of  overtime,  it  is  not  necessary  to  operate  the 
whole  works  with  its  usual  heavy  load  of  transmitting  machinery. 

Another  advantage  is  the  adaptability  of  the  system  to  changes  and  exten- 
sion :  new  motors  may  always  l>e  added  without  affecting  any  already  in  opera- 
tion, and  the  ease  with  which  this  system  lends  itself  to  varying  the  s(>eed  of 
different  unit  groups  is  a  very  ])otent  factor  in  its  favor. 
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In  the  choice  of  motors  for  this  work  the  steam  engine  has  heretofore  been 
used,  especially  where  the  units  are  relatively  large.  An  interesting  example  of 
this  is  noted  in  the  sugar  refinery  of  Glaus  Spreckles,  in  Philadelphia,  in  which 
there  are  some  seventy -Hve  Westinghouse  engines  about  the  works,  many  of  them 
being  of  7o  and  100  horse-power. 

A  similar  subdivided  plant  involving  forty-two  engines  was  erected  several 
years  ago  at  the  print  works  of  the  Dunnell  Company,  Pawtucket,  R.  I.  More 
recently,  however,  the  electric  motor  has  superseded  the  steam  engine  for  this 
work,  as  its  economy  and  convenience  over  the  latter  is  now  thoroughly  recognized. 

Fur  isolated  machines  and  for  heavy  machines  that  may  be  in  occasional  use 
the  electric  motor  is  particularly  well  adapted  as  a  source  of  power,  for  such  a. 
means  of  transmission  consumes  power  only  when  the  machine  is  in  operation. 

This  is  true  also  of  compressed  air,  and  we  find  numerous  instances  where  it 
has  entirely  replaced  steam  even  in  large  work.  Thus,  at  the  steel  works  at 
Terni,  Italy,  a  100-ton  hammer  is  worked  by  compressed  air,  and  also  two  large 
cranes,  one  having  a  capacity  of  100-tons  and  the  other  loO  tons.  Compressed  air 
in  some  cases  is  also  superseding  steam  for  operating  pumping  machinery. 

In  Paris,  according  to  Prof.  Unwin,  compressed  air  motors  are  even  used  to 
drive  dynamos  for  electric  lighting.  At  some  of  the  newspaper  offices  there  are 
motors  of  ")U  and  100  horse-power  driving  presses,  and  in  shcjps  and  factories 
these  motors  are  used  to  run  lathes,  saws  and  various  other  machines. 

In  the  transmission  of  air,  within  reasonable  limits,  the  loss  in  transmission- 
need  not  be  considered,  for  although  there  is  a  slight  loss  in  pressure  due  to  the 
frictional  resistances  of  the  pipes,  yet  there  is  a  corresponding  increase  in  vol- 
ume due  to  fall  in  temperature,  so  that  the  loss  is  practically  inappreciable. 

In  the  compression  of  air,  with  steam  actuated  compressors,  there  are  various 
sources  of  h)ss,  which,  in  the  aggregate,  will  vary  from  '25  to  45  per  cent,  of  the 
total  power  of  the  machine. 

The  greatest  loss  of  efficiency  is  that  in  the  air  motor.  It  is  usually  im])ra('- 
ticable  to  reheat  the  air  with  any  degree  of  economy  when  eniploycd  intermit- 
tently, and  we  find  very  generally  that  the  air  is  used  at  normal  temperature  for 
the  various  purposes  to  which  it  is  applied.  In  small  motors  (1  to  2  horse-power) 
the  loss  may  be  as  much  as  <55  per  cent,  when  the  air  is  used  without  expansion. 
With  larger  motors  (7.')  horse-power),  using  a  reheater  and  hot  air  jacket>.  the 
motor  loss  has  been  kept  within  20  per  cent,  at  full  load. 

These  results  and  others  would  indicate  that  compressed  air  as  now  use<l  is 
not  at  all  efficient  us  a  source  of  motive  power,  since  the  combined  eifioiency  of 
compressor  and  motor,  even  under  favorable  conditions,  is  not  more  than  ')0  per 
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cent,  of  the  available  energy  put  into  the  compressor.  In  other  oases  the  effici- 
ency is  as  low  as  20  per  cent. 

There  should  be  no  comparison  between  the  cost  of  the  transmission  of  power 
by  compressed  air  and  its  so-called  rival,  electricity,  since  each  has  its  own  field 
of  usefulness,  yet  it  may  be  interesting  to  note  for  our  present  purposes  the  effici- 
ency of  electric  transmission. 

A  modern  generator,  belted  from  an  engine,  will  have  an  eflicicncy  of  about 
90  per  cent,  when  working  under  favorable  conditions,  but  as  the  average  load  is 
ordinarily  not  more  than  two-thirds  full  load,  and  often  much  less,  the  efficiency 
will  not  usually  be  more  than  8o  per  cent.  Since  the  engine  friction  was  added 
to  the  losses  in  compression,  so  also  it  should  be  considered  here,  in  which  case 
the  efficiency  of  generation  will  lie  between  75  and  80  per  cent.  With  a  pressure 
of  220  volts,  which  is  very  suitable  for  ordinary  shop  transmissions  when  both 
light  and  power  are  to  be  taken  ofT  the  same  line,  the  loss  in  transmission  need 
not  be  more  than  o  per  cent,  so  that  the  efficiency  at  the  motor  terminals  will  not 
be  far  from  To  per  cent.  With  motors  running  under  a  nearly  constant  full  load 
the  efficiency  of  motor  may  be  90  per  cent.,  but  with  Huctuating  loads  this  may 
fall  to  HO  per  cent,  at  (juarter  load.  In  numerous  tetsts  made  by  the  writer  the 
average  load  on  several  motors  in  machine  shops  was  only  about  one-third  of  the 
rated  capacity  of  the  motor. 

It  is  interesting  to  note  that  in  recent  tests  made  at  the  Baldwin  Lo<-omotive 
Works  it  waN  found  that  with  a  total  motor  capacity  aggregating  200  horse-power, 
a  generator  of  only  100  horse-power  was  sufficient  to  furnish  the  current,  and 
ordinarily  only  80  horse-power  was  required. 

Under  these  conditions  when  the  driven  machines  are  not  greatly  over- 
motored  we  may  assume  a  motor  ctliciency  of  80  per  cent.,  which  may  be  less  or 
greater  in  individual  cases.  The  combined  efficiency,  then,  of  generator  and 
motor  working  intermittently  with  Huctuating  loads  will  be  about  75  x  H0=60  per 
cent,  of  the  power  delivered  to  the  engine. 

For  greater  distances  than  those  which  obtain  in  plants  of  this  character  the 
loss  in  transmission  will  be  greater,  and  higher  voltage  must  be  employed  in 
order  to  keep  down  the  line  loss;  while  it  is  possible  to  put  in  conductors  suffi- 
ciently large  to  carry  the  current  with  any  assumed  loss,  yet  the  cost  of  the  line 
soon  becomes  prohibitive  with  low  voltage.  In  work  of  this  kind  it  is  well  to 
remember  that  while  the  efficiency  may  be  very  high  the  economy  may  he  very 
poor,  and  good  engineering  is  primarily  a  (question  of  good  economy,  all  things 
considered.  It  is  not  the  most  efficient  plant  which  produces  the  greatest 
economy.     While  it  is  interesting  to  know  that  a  certain  amount  of  power  may 
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be  trunsmitted  a  given  tlistance  with  a  high  efficiency,  it  is  more  important  to 
know  that  the  same  amount  of  jK^wer  could  be  obtained  at  the  ol»jective  point  for 
one-fourth  the  cost  of  the  former. 
Lafayette,  Ind.,  Dec.  30,  18im. 


Economy  in  the  DEsiciN  of  Electro-Maonets.    By  W.  E.  GoLDSnoRoroH. 
Published  in  the  Electrical  World,  Vol.  XXIX,  p.  1%,  Feb.  G,  rs97. 


An  Efficiency  Sirface  for  the  Pelton  Motor.     Hy  W.  K.  IIatt 
Published  in  the  Journal  of  the  Franklin  Institute,  June,  l^^. 


On  Seiches.     By  A.  W.  Duff. 


Some  Exi»kriments  on  the  Phenomena  of  the  Elevation  of  the  Elastic 

Limit.     By  W.  K.  Hatt. 


Viscosity  as  a  Fi'nction  of  Temperature.     Hy  A.  \V.  Diff. 

[Ab:>tract.] 

The  author  shows  the  insutficiency  of  the  formula*  proposed  by   Poisenille, 
Slotte,  Koch.  ( rriitz  ancJ  others,  and  finds  generalized  t'ormuitt^ 

which  are  in  agreement  with  all  data  hitherto  obtained,  the  former  applying  to 
water  and  most  subs^lances  of  slow  variation  of  viscosity,  and  the  latter  to  glycer- 
ine, mercury  and  motit  suitstances  of  rapid  variation  of  viscosity. 
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CoMPARiww  OF  Clark  and  Wi-»ton  Cell?.     By  S.  N.  Taylor. 

A  great  deal  of  work  of  very  excellent  charHCter  has  been  done  upon  the 
Latimer  Clark  Standard  Cell  by  Prof.  Glazebrook,  Prof.  Carhart,  Prof.  Kahle, 
Lord  Kayleigh  and  others,  and  by  them  the  merit  of  the  cell  has  been  well  estab- 
lished. 

It  has  been  shown  by  them  that  the  cell  can  be  made  so  that,  under  favorable 
conditions,  it  will  vary  in  K.  M.  F.  less  than  one  part  in  a  thousand,  even  when 
made  by  different  persons  and  of  materials  obtained  from  various  sources.  It  has 
also  been  shown  that  with  proper  care  the  cell  maintains  its  potential  indefinitely, 
and  forms  a  very  excellent  standard  of  electro-motive  force,  which  is  both  moder- 
ately portable  and  cheap. 

It  is  well  known,  however,  that  this  standard  of  potential  has  at  least  one 
very  serious  drawback,  namely,  it  has  a  very  largi*  temperature  coefficient,  ami 
the  E.  M.  F.  of  the  cell  varies  considerably  for  slight  changes  in  temperature. 
Moreover  the  coeflicient  may  not  be  the  same  for  different  cells,  or  may  be  differ- 
ent at  diAerent  temperatures  even  in  the  same  cell,  it  the  tem])eratu res  considered 
are  not  near  together.  Therefore  the  coeflicient  for  any  cell  can  be  exactly  de- 
termined only  by  experiment  <»n  that  particular  cell,  and  must  be  ascertained  for 
all  ranges  of  temperature  to  which  the  cell  is  likely  to  lie  exposed,  it  is  also  true 
that  changes  in  temperature  in  the  cell  can  not  be  detected  easily  and  accurately, 
and  hence  arises  some  doubt  as  to  the  actual  E.  M.  F.  uf  a  Clark  cell  at  any 
jmrticular  instant. 

Methods  have  been  propose<l  for  obviating  this  ditliculty.  but  for  waul  of 
space  we  must  omit  them  here.  It  g«»es  without  saying,  however,  that  if  we  c<nild 
find  another  cell  having  the  same  excellencies  as  the  Clark  in  all  respe<'ts,  and 
not  having  this  defect  in  temperature  (•(►etlicient,  it  would  be  a  decided  advantage. 

The  Cadmium  cell,  recentlv  invented  bv  Mr.  Edward  Weston,  has  attracted 
considerable  attention,  anil  so  far  as  our  o])servatious  go,  it  possesses  these  very 
«]ualiti(rations.  For  the  past  three  years  we  have  sj)ent  considerable  time  in  test- 
ing the  merits  of  this  cell  as  compared  with  the  Clark  Stanilard  Cell. 

To  do  this  we  made  a  number  of  Clark  <'ells  acconliiig  to  the  latest  instruc- 
tions given  by  the  English  Board  of  Trade,  as  found  in  the  Philos<.»phical  Trans- 
actions for  1S9*2.  We  also  made  a  number  t>f  Weston  cells  similar  to  the  Clark, 
except  that  in  the  Cadmium  or  Weston  cells  Cadmium  and  Cadmium-Sulphate 
took  the  place  «)f  the  Zinc  and  Zinc-.Sulphate  of  the  Clark. 
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(iroiips  of  cells  were  made  at  various  timeti,  and  tests  made  upon  them.  "VVe 
mention  the  group  set  up  during  March,  181K'>,  as  typical  of  all  the  Cadmium  cells. 
They  were  of  the  H  form  (see  Fig.  1)  an<l  constructed  as  follows: 


^ 


6c?n. 


a 


Fiff,I. 


At  .1  there  is  a  (piantity  of  Cadmium  Amalgam  about  one  centimeter  det'p, 
and  covering  the  platinum  wire,  the  negative  terminal.  AI>ove  this,  at  /^,  there 
is  a  concentrateil  solution  of  Cadmium  Sulphate  (CdSO,)  containing  crystals  of 
Cadmium  Sulphate.  At  E  there  is  pure  mercury  covering  the  platinum  wire 
which  serves  as  a  positive  terminal.  Above  the  mercury,  at  />,  there  is  a  thick 
paste  of  Mercurous  Sulphate  (Hg,S04),  reaching  as  high  as  the  cross  tul>e.  The 
remainder  of  the  space,  C'C  up  to  the  corks  FFy  is  filled  with  a  solution  of  Cad- 
mium Sulphate.  The  tubes  are  then  sealed  above  the  corks  in  the  usual  manner 
by  marine  glue  or  some  other  form  of  cement.  I  can  not  describe  here  the  manner 
in  which  these  materials  were  prepared,  but  can  only  refer  those  interested  in  the 
subject  to  a  dissertation  which  I  am  about  to  publish  concerning  my  investigations 
at  Clark  University.  Suffice  it  to  say  that  the  mercury  used  was  some  which  I 
had  purified  a  short  time  before  by  means  of  chemicals  and  distillation  in  vacuo; 
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and  tlio  other  materials  were  iMiiit^ht  of  Kiint-iiV:  Anioiid  a-*  lieiiiK  rhciuirully  pure. 
The  ct'lls  arf  ea»ilv  made,  and  can  be  set  up  l)V  anvone  without  murh  trouble. 

Tlie  method  atlopted  lor  comparing  ilu*Ne  eell>  one  with  another  was  a  molli- 
fication of  the  ixitentiometer  method  used  l»y  IVolVssor  Kahle,  an<l  wan  asfidlows: 
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The  eurrent  from  a  single  storage  cell  .(  -,  Fi^.  *J)  passes  through  an  ordinary 
resist  a  nee  box  7?'  and  through  a  wire  resistance  R  made  of  German  silver,  with 
sliding  contact  capalde  of  c(mtinuou6  variation  for  tine  adjustment.  At  the  mer- 
cury commutator  J/  the  circuit  is  divided.  The  first  branch  ])as8es  through  J?, 
then  through  the  wire  c  back  througii  i/  and  3/  to  the  storage  cell  A,  The  second 
brancli  of  the  circuit  passes  successively  froiu  3/ through  the  transfer  .switcli  ^S, 
the  variable  resistance  IV ^  the  sensitive  galvanometer  G,  back  again  to  tS",  and 
tlienee  tlirough  W  to  Jl/.  The  resistance  box  11  was  made  especially  for  this  pur- 
p«».st»  and  c<insisls  of  seven  C(dls  of  wire,  having  tlie  resistances  of  lf>,  l'»,  'K),  100, 
.'lOO  and  5fK)  ohms  approximately.  These  dip  into  a  dish  of  kerosene,  so  that 
tlieir  temperature  can  be  measured  nmre  readily.  C  is  a  German  iiWer  wire  1,122 
mms.  long,  stretched  tightly  over  a  boxwood  meter  bar.      The  resistances  of  both 
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B  and  c  have  been  verv  arcuratelv  measured  in  international  ohms  and  their  tern- 
perature  coefficients  determined.  W  is  a  standard  cell,  eiiher  a  Clark  or  a 
Weston,  and  is  connected  in  opposition  to  the  storage  cell  A.  As  the  current  then 
passes  from  A^  if  the  resistance  in  B  is  properly  adjusted,  the  E.  M.  F.  of  Ti''  will 
just  counterbalance  the  potential  around  the  ^-branch  and  there  will  be  no  de- 
flection of  the  galvanometer  G  when  the  key  A"  is  closed.  But  increasing  the  re- 
sistance in  />,  if  .4  is  constant,  has  the  same  effect  upon  the  potential  around  the 
/?-branch  as  decreasing  the  resistance  in  i?  would  have.  Hence  we  may  choose 
any  resistance  in  the  B  branch  that  we  may  wish,  and  yet  regulate  the  potential 
about  that  branch  by  properly  adjusting  the  resistance  in  R.  This  being  true,  let 
B  denote  the  total  resistance  of  the  J?-branch,  including  c  and  </;  let  c  denote  the 
resistance  ot  the  wire  a  b;  let  Ew  denote  the  E.  M.  F.  of  the  standard  cell  IT  and 
K,.  the  potential  about  the  wire  a,  bore.  Then,  when  the  resistance  in  B^  and  R 
are  so  adjusted  that  we  get  no  deflection  of  the  galvanometer  G  when  A'  is  closed, 
wc  have  the  proportion: 

B:C::Ew:Ec 
Knowing  the  resistance  <*  of  a  6  and  that  of  the  total  i>*-branch,  of  course  we  know 
the  potential  about  c.  Again,  since  the  potential  between  any  two  points  p  <j  be- 
tween a  h  increases  directly  as  the  resistance  included  between  them,  and  since 
the  resistance  increases  directly  as  the  distance  between  the  points,  we  can  find 
any  portion  of  the  potential  E,.  by  measuring  ofTon  the  meter  bar  the  appropriate 
lenirth  along  the  wire  a  b. 

Another  portion  of  the  potentiometer  consists  of  a  third  branch  circuit 
including?  two  standard  cells  W^  and  W.  which  are  to  be  compared.  For  short 
we  shall  call  this  branch  the  A'-branch.  It  starts  from  a  movable  contact  p  on 
the  wire  a  b  and  leads  to  the  reversing  commutator  X,  thence  through  \\\  and  \V.^ 
to  X  through  the  galvanometer  (i  back  again  through  A*  to  7,  another  movable 
contact  on  </  b.  p  and  7  are  knife-edged  contacts  and  can  be  j)laccd  at  any  position 
along  the  wire  a  h  and  the  distance  between  them  measured  by  means  of  the 
meter  rod. 

The  two  cells  W^  and  TV,,  which  are  to  be  compared,  are  now  placed  in  this 
branch  in  opposition  to  each  other.  If,  then,  the  E.  M.  F.  of  ir,  is  exactly  e«|ual 
to  that  of  ir.j,  that  is  if  E,  -=  E.,,  and  if  p  and  7  are  placed  close  together  upon 
C,  then  there  will  be  no  deflection  of  the  galvanometer  G  when  K  is  closed.  If, 
however,  E,  is  greater  than  E.j  we  can  find  two  points  upon  C  such  that  the 
•lifference  in  potential  between  p  and  7  shall  exactly  e<iual  the  difference  between 
Kj  and  E_,  and  in  opposite  directions.  The  i»otentials  in  the  N-branch  will  then 
be  at  eipiilibrium,  and  there  will  be  no  deflection  of  the  galvanometer.     In  «»ther 
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words,  we  thus  meai^ure  the  difference  between  E,  and  Ej  in  terms  of  the  stand- 
ard cell  W,     This  is  expressed  by  the  formula 

Where  Ew  -  E.  M.  F.  of  the  cell  W;  E^  -  E.  M.  F.  of  the  cell  W^ ; 

E,.  -=  the  E.  M.  F.  of  the  cell  W^ 

n  ■=  number  of  millimeters  between  p  and  q 

1  — ^  total  length  of  the  wire  ab  in  millimeters 

c  -^  resistance  of  the  wire  ah 

B    -  total  resistance  of  the  I(-branch 

F    C' 
k    -    ^^    or  the  constant  of  the  wire  ab. 

1  n 

The  resistance  of  /^'  consists  of  a  few  coils  of  wire  varying  in  resistance  from 
zero  to  fifty  thousand  ohms,  but  their  actual  resistance  need  not  be  known. 
Neither  is  it  necessary  to  know  the  resistance  at  B^  and  R,  nor  that  of  the  galva- 
nometer G,  since  the  method  of  no  deHeirtiou  is  used.  Cdre  was  always  taken, 
however,  never  to  close  the  circuit  through  the  galvanometer  without  including  a 
high  resistance  at  R\  unless  it  was  first  known  that  the  system  was  almost  ex- 
actly at  equilibrium.  For  it  is  important  that  as  little  current  as  possible  shall  be 
allowed  to  pass  through  the  cells.  But  when  the  system  has  been  carefully  ad- 
justed, the  resistance  of  R^  can  be  gradually  cut  out,  so  as  to  utilize  the  full  sensi- 
tiveness of  the  galvanometer.  Measurements  made  by  means  of  this  apparatus 
were  limite<l  in  accuracy  only  by  the  galvanometer's  sensitiveness.  For  by  taking 
the  resistance  in  B  large  enough  we  can  make  k  as  small  as  we  please.  Thus  we 
found  that  we  were  able  to  detect  differences  in  E.  M.  F.  as  small  as  three  one- 
millionths  d^jjooa)  ^^  ^  ^^^^  ^^^^  ^  considerable  degree  of  certainty. 

One  difficulty  which  we  had  to  overcome  was  the  change  in  position  of  the 
galvanometer's  zero,  caused  by  the  passing  of  electric  street  cars  some  four  hun- 
dred feet  distant.  It  was  found  necessarv  to  make  the  final  measurements  be- 
tween  12:30  and  5:30  A.  m.,  when  the  cars  were  not  running. 

Measurements  made  at  various  times  upon  a  number  of  Clark  and  Weston 
cells  are  given  in  the  following  table: 
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From  this  table  it  will  be  noticed  that  when  the  Cadmium  cells  are  first  set 
up  they  differ  somewhat  in  E.  M.  K.  But  after  about  a  month  thev  come  to  have 
a  normal  value  which  is  common  to  all.  Moreover,  this  value  is  not  affected  by 
any  moderate  change  in  temperature,  and  so  far  as  our  experience  goes,  these  cells 
are  more  easily  made,^  and  there  is  less  variation  in  E.  M.  F.  between  them  than 
there  is  between  the  Clark  cells. 

It  will  be  noticed  that  the  values  given  in  Table  No.  1  are  simply  relative, 
but  wc  have  made  absolute  determination  of  their  E.  M.  F.,  and  find  for  the  Wes- 
ton cell  the  value  1  OlSol  v<)ltij  when  the  resistance  is  measured  in  Legal  ohms;  or 
l.OloGH^^  volts  when  the  resistance  is  measured  in  International  ohms. 

The  result  of  our  investigations  lead  to  the  following  conclusions: 

First.     That  the  Cadmium  cell  is  more  easilv  constructed  than  the  Clark  cell. 

S^.contL     That  it  has  practically  no  temperature  coefficient. 

Thinl.  That  the  E.  M.  F.  of  the  Cadmium  cell  is  even  less  variable  than  that 
of  the  Latimer  Clark. 


S<^)iL  Solvents  i-x)r  .\vAiLAni.K   PoTAifH   and  Phosphoric   Acid.     By   H.    A. 

Huston  and  J.  M.  Barrett. 

It  seems  to  he  accepted  that  in  the  case  of  worn  soils  solution  in  strong  min- 
eral acid  gives  little  insight  into  the  availability  of  their  pot<ish  and  phosphoric 
acid.  More  recently  the  use  of  dilute  «irganic  acids,  such  as  the  one  per  cent,  cit- 
ric acid  use<l  br  Dr.  Bernard  Dyer'  and  the  acid  ammonium  oxalate  used  by  Dr. 
A.  M.  Peter-,  has  been  tried  with  more  promising  results.  The  theory  of  the  use 
of  dilute  organic  acid  solutions  seems  to  rest  on  the  idea  that  plant  roots  give 
off  fluids  containing  organic  acids  which  act  on  the  soil  in  a  degree  comparable 
with  the  effect  of  the  dilute  acids  employe<l  in  the  laboratory  experiments. 

While  I  do  not  question  that  plant  roots  in  contact  with  polished  marble,  or 
even  granite,  may  make  appreciable  markings  on  the  carbonate  of  lime  and  on 
the  feldspar  of  the  granite,  the  conditions  of  the  experiment,  as  usually  conducted, 
differ  radically  from  tho?e  found  in  the  field,  for  in  the  experiment  the  plants  are 
not  supplied  with  normal  soil  water.  So  far  as  I  have  observed,  normal  soil 
waters  give  an  alkaline  reaction.  No  inconsiderable  part  of  the  food  of  the  plants 
comes  to  it  dissolved  in  the  soil  waters.  The  W(»rk  of  Dr.  H.  J.  Wheeler*  shows 
what  marked  difficulty  i'^  encountered  in  growing  plants  on  a  well-drained  soil 
having  an  acid  reaction.  • 
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Soil  waters  rising  from  a  subsoil  are  charged  with  more  or  less  of  mineral 
salts;  and  if  the  up|)er  layers  of  the  soil  have  a  different  composition  from  the 
lower  layers  in  which  the  soil  waters  have  been  charged,  we  may  expect  chemical 
changes  to  take  place  according  to  the  well  established  facts  of  soil  absorption. 

In  view  of  these  considerations  some  work  was  undertaken  with  alkaline 
solvents.  The  first  solution  used  contained  the  same  amount  of  ammonium  oxa- 
late as  the  soluti<m  used  by  Dr.  Peter;  but  instead  of  the  acid  an  amount  of 
aiinuonia  e([aivalent  to  the  acid  was  added.  All  work  is  based  on  the  same  rela- 
tive «iuantities  of  soil  and  solution  as  used  by  Dr.  Peter — 200  grams  soil  and  1,000 
cc  solution.  In  working  with  Dyer's  solution  the  digestions  continued  at  room 
tem|x^ratnre  for  seven  days,  with  shaking  at  frequent  intervals.  All  the  other 
digestions  were  continued  for  five  hours,  with  constant  shaking  in  the  apparatus 
de.scril)ed  in  Indiana  Agricultural  Experiment  Station  Bulletin  55,  and  Wiley's 
Principles  and  Practice  of  Agricultural  Analysis,  Vidume  II,  page  142.  The 
Hasks  were  inverted  every  thirty  seconds.  The  utmost  care  was  used  to  secure 
clean  precipitates  of  potaseium  platinic  chlorid. 

THE  SOILS   USED. 

The  Kentuckv  soils  are  those  used  for  work  bv  the  Association  of  Official 
Aijricultural  Chemists  for  the  past  two  years,  and  are  described  on  page  31  of 
UuUetin  47,  Chemical  Division  United  States  Department  of  Agriculture.  Briefly 
.stated,  the  soil  requires  the  addition  of  potash  to  produce  satisfactory  crops  of 
corn,  potatoes  and  tobacco,  but  seems  to  contain  enough  available  potash  for  a 
\ioi\i\  wheat  crop.  The  field  tests  indicate  abundance  of  available  phosphoric 
acid.  Soil  No.  1  has  received  phosphoric  acid  and  nitrogen,  and  Soil  No.  2  has 
reeeive<l  potash  and  nitrogen.  Of  the  Indiana  soils  the  one  marked  **Turley  "  is 
Inan  Orange  County.  It  is  a  medium  clay  resting  on  a  red  clay,  which  in  turn 
rests  on  the  limestone  rock  of  the  region. 

The  land  has  been  under  cultivation  for  some  seventv  vears,  and  at  one  time 
was  so  badly  worn  as  to  be  considered  of  very  little  value.  The  sample  was 
drawn  after  plowing  for  corn  in  the  spring  of  1890.  In  1895  wheat  had  been  so 
poor  on  this  land  that  hogs  were  turned  in  to  eat  the  standing  crop.  In  the  spring 
of  1S9(>  the  clover  was  so  uneven  that  the  land  was  put  in  corn,  of  which  it  pro- 
dined  in  this  very  favorable  year  for  corn,  thirty-seven  bushels  per  acre  on  the 
unfertilized  plats.  The  owner  does  not  believe  that  it  can  produce  a  profitable 
crop  of  wheat  without  the  use  of  some  commercial  fertilizer  or  manure.  The 
usual  application  has  been  one  hundred  pounds  ground  ))one  per  acre.  The  field 
tests  this  year  showed  marked  gain  in  corn  from  the  use  of  acid  phosphate  and 
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potash,  but  increasing  the  amount  of  potash  from  thirty  to  sixty  pounds  per  acre 
gave  no  increased  yield.    Original  timber,  oak. 

The  soil  marked  '^  Campbell "  is  from  Monroe  County,  and  represents  a  cold, 
badly  drained  clay,  resembling  the  so-called  ^'crawfish"  clay.  Commercial  fertil- 
isers are  considered  necessary  for  wheat.  Field  tests  thi^  year  showed  marketl 
gains  on  com  from  the  use  of  acid  phosphate  and  potash,  but  increasing  the 
amount  of  potash  from  thirty  to  sixty  pounds  per  acre  gave  no  increased  yield. 
Original  timber,  poplar  and  mixed  hard  woods. 

The  station  land  is  a  second-bottom  soil,  resting  on  gravel.  It  is  a  dark,  pro- 
ductive loam.  In  favorable  seasons  the  land  will  produce  fifty  bushels  of  corn 
and  thirty  bushels  of  wheat  per  acre  without  the  use  of  fertilizers  or  manure. 
While  commercial  fertilizers  have  some  effect  in  increasing  the  crops,  the  use  of 
them  on  this  land  has  not  been  proBtable.  Original  timber:  Black  walnut,  oak, 
maple,  wild  cherry  and  some  hickory.  The  plats  from  which  the  samples  were 
drawn  have  been  in  wheat  since  1888.  Plats  3  E.  1  and  3  £.  4  have  received  no 
fertilizers;  plat  3  E.  2  has  received  '^ complete"  chemical  fertilisation,  and  plat 
3  E.  5  has  received  applications  of  barnyard  manure.  In  five  years  (1890  to  1894^, 
3  E.  1  lost  to  crop  8.1  pounds  phosporic  acid,  11.3  pounds  potash,  and  17.8  pounds 
nitrogen;  plat  3  E.  4  lost  7.2  pounds  phosphoric  acid,  10.1  pounds  potash,  and 
15.9  pounds  nitrogen;  plat  3  E.  2  lost  net  0.8  pounds  phosphoric  acid,  3.2  pounds 
potash,  and  7.9  pounds  nitrogen;  plat  3  E.  5  gained  4.2  pounds  phosporic  acid, 
6.9  pounds  (K)tash,  and  0.3  pounds  nitrogen.  The  plats  contain  one-tenth  acre 
each.  Plat  3  E.  4,  a  blank  plat,  contains  humus  (by  Huston's  method)  ^5.3  per 
cent.,  and  nitrogen  in  this  humus  4.52  per  cent.  Plat  3  E.  ~>,  which  has  receiveil 
barnyard  manure,  contains  humus  o.6  per  cent.,  and  nitrogen  in  this  humus  5.71 
per  cent. 

The  mechanical  analvses  of  the  Indiana  soils  are  shown  in  Table  1. 
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Since  Peter's  solution  and  the  alkaline  ammonium  oxalate  contain  a  salt  of 
ammonia,  it  was  thought  that  the  phenomena  of  soil  absorption  might  come  into 
play.  To  test  this,  a  solution  of  the  same  alkalinity,  but  containing  the  same 
amount  of  ammonia  as  chloride  as  was  contained  in  the  other  solutions  in  the 
form  of  oxalate,  was  used.  To  test  the  question  of  soil  absorption  pure  and 
simple,  a  neutral  solution  of  ammonium  chlorid,  17.2  grams  to  the  liter,  the  same 
amount  of  ammonium  chlorid  as  in  the  previous  solution  was  used. 

The  soils  were  also  digested  with  ammonium  hydrate,  sp.  gr.  0.96,  containing 
17.2  grams  ammonium  chlorid  per  liter,  and  with  ammonium  hydrate,  sp.  gr.  0.96 
alone.  Ammonium  hydrate  was  tried,  because,  as  I  have  previously  shown ^, 
phosphates  of  iron  and  alumina  are  dissolved  by  ammonium  hydrate.  At  first 
we  hoped  to  utilize  the  ammonia  and  ammonium  chlorid  mixture,  but  in  the 
presence  of  the  ammonium  chlorid  not  a  trace  of  phosphoric  acid  was  dissolved. 

On  the  Kentucky  soils  a  number  of  solvents  were  tried  at  a  higher  tempera- 
ture. This  modification  seemed  no  improvement — rather  the  reverse ;  and  it  was 
decided  to  use  room  temperature. 

Table  II  contains  the  results  of  the  work.  The  total  potash  in  each  soil,  and 
the  amount  of  potash  and  phosphoric  acid  removed  by  hydrochloric  acid,  sp.  gr. 
1.11'),  are  also  added  for  the  purpose  of  comparison : 
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It  will  be  seen  that  Dver's  solution  and  Peter's  solution  resemble  each  other 
in  a  general  way  in  their  action  on  the  phosphates  of  the  Kentucky  soil  (rich  in 
pboi^phates)  and  on  the  Tarley  soil  (poor  in  phosphates^;  while  on  the  Campbell 
land  (poor  in  phosphates),  and  on  the  station  land  (fairly  good  in  phosphates) 
thev  differ  radically. 

In  their  action  on  potash  the  two  solutions  differ  widely  in  the  case  of  the 
Kentucky  soils  containing  too  little  available  potash  for  corn,  while  they  resemble 
each  other  in  their  action  on  the  other  soils,  which  seem  from  field  tests  with  corn 
to  contain  considerably  higher  available  potash  than  the  Kentucky  soils. 

Dyer'fi:  solution  extracts  more  phosphoric  acid  from  the  Kentucky  soil  that  had 
received  phosphoric  acid  than  from  the  one  receiving  none.  From  the  station  soil 
it  extracts  the  highest  phosphoric  acid  from  the  soil  that  had  received  superphos- 
phate ;  but  it  failed  to  extract  as  much  phosphoric  acid  from  the  soil  receiving 
its  phosphoric  acid  in  the  form  of  manure  as  it  extracted  from  either  of  the  plats 
that  had  received  no  fertilizers.  On  the  average.  Dyer's  solution  extracts  no 
more  phosphoric  acid  from  the  station  soils  known  to  contain  a  fair  supply  of 
available  phosphoric  acid  than  from  the  clay  soils  known  to  be  very  deficient  in 
phosphoric  acid. 

Dyer's  solution  dissolves  more  potash  from  the  Kentucky  soil  that  had  re- 
ceived potash  than  from  the  one  not  receiving  any. 

From  the  clay  soils,  which  seem  from  field  tests  with  corn  to  be  somewhat 
(U'ticient  in  available  potash,  it  dissolves  relatively  high  amounts  of  potash. 
From  the  station  soils  it  dissolved  no  more  potash  from  the  soil  that  had  received 
full  applications  of  muriate  of  potash  than  from  the  soils  that  had  received  no 
potash. 

Peter's  solution  would  indicate  that  there  was  a  good  supply  of  available 
phosphoric  acid  in  the  Campbell  soil,  where  it  is  known  to  be  deficient.  It  would 
also  indicate  that  the  Turley  land  was  higher  in  available  potash  than  the  station 
soil,  although  the  field  tests  indicate  to  the  contrary. 

The  acid  solutions  of  Dyer  and  Peter  seem  to  fail  when  applied  to  soils  of 
different  types,  although  their  indications  are  in  the  right  direction  when  applied 
to  soils  of  exactly  the  same  type,  such  as  the  Kentucky  soils. 

The  alkaline  ammonium  oxalate  dissolves  practically  as  much  |K)tash  from 
the  Kentucky  soil  as  from  the  station  soil,  although  the  available  potash  is  much 
higher  in  the  latter,  as  shown  by  field  tests. 
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It  dissolves  about  the  same  amount  of  phosphoric  acid  from  the  Kentucky 
soil  as  from  the  station  soil,  both  of  which  have  a  fair  amount  of  available  phos- 
phoric acid,  although  the  former  has  a  much  higher  total  phosphoric  acid  con- 
tent. It  distinguishes  these  soils  very  sharply  from  the  clay  soils  known  to  \ye 
deficient  in  phosphoric  acid. 

The  alkaline  ammonium  chlorid  distinguishes  the  fertilized  from  the  unfertil- 
ised plats  very  sharply  on  the  station  soil  and  to  a  fair  extent  on  the  Kentucky 
soil.  Its  action  on  the  clay  lands  is  in  accord  with  what  knowledge  we  have  in 
regard  to  the  potash  in  these  soils. 

The  ammonium  chlorid  dissolved  in  ammonia,  sp.  gr.  0.96,  gives  results  on 
potash  in  the  same  general  direction  as  the  mildly  alkaline  ammonium  chlorid, 
but  the  differences  are  less  sharply  defined.  As  this  solution  b  rather  troublesome 
to  work  with,  1  would  prefer  to  use  the  mildly  alkaline  one. 

The  neutral  ammonium  chlorid  distinguishes  very  well  the  Kentucky  soil 
from  the  station  soil,  gives  fair  indications  on  the  clay  soils,  but  fails  to  show  the 
effect  of  the  potash  salts  applied  to  the  station  soil. 

Ammonium  hydrate,  sp.  gr.  0.96,  gives  results  <m  potash  that  are  (juite  at 

variance  with  what  is  known  about  these  soils,  but  on  phosphoric  acid  it  gives 

promising  results.     The  character  of  the  individual  results  indicates  that  the 

digestion  was  not  continued  long  enough  to  complete  the  reaction.    Yet  the  results 

clearly  distinguished  the  4and8  poor  in  phosphoric  acid  from  those  known  to  be 

well  supplied  with  available  phosphoric  acid.     The  only  case  where  it  seems  at 

fault  is  on  plat  1  of  the  station  soil.     But  every  other  solvent  acts  in  the  same 

way,  indicating  that  the  sample  from  this  plat  is  really  higher  in  phosphoric  acid 

than  the  sample  from  the  other  blank  plat,  No.  A.     Crop  testn  covering  live  years 

show  that  plat  1   has  a  crop-producing  capacity  about  15  percent,  greater  than 
plat  4. 

Ammonium  chlorid  in  neutral  and  alkaline  solution  removes  notable  quan- 
tities of  lime  from  soiln.  The  <|Uiintitie8  were  deterniined  and  are  given  in 
Table  III. 
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TABLE  III. 

PER  CENT.    OP  CALCIUM  OXIP  BEHOVED   BY    VARIOUS  SOLVENTS. 
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It  will  he  seen  that  the  alkaline  ammonium  chlorid  removes  about  one-fourth 
and  neutral  ammonium  chlorid  about  one-half  as  much  lime  as  the  hydrochloric 
acid  used  in  the  customary  method  of  soil  analysis.  The  station  soils  are  prac- 
tically free  from  carbonates,  containing  an  average  of  only  O.Olo  per  cent,  of 
carbon  dioxid. 

Of  the  solvents  used  we  consider  alkaline  ammonium  chlorid  and  neutral 
ammonium  chlorid  promising  for  available  potash,  and  ammonium  hydrate  prom- 
ising for  available  phosphoric  acid.  Alkaline  ammonium  oxalate  seems  to  do 
very  well  for  available  phosphoric  acid  in  some  cases,  but  the  material  is  rather 
troublesome  to  work  with  on  account  of  the  large  amount  of  organic  matter  that 
goes  into  solution.  Where  ammonium  chlorid  is  present  the  solutions  are  nearly 
free  from  organic  matter,  filter  very  rapidly,  and  the  ignition  is  readily  made, 
leaving  only  a  small  amount  of  bases  to  be  removed  before  determining  the  potash. 
Tatlock's  method  was  tried  for  potash,  but  proved  unsatisfactory. 

We  have  tried  chlorids  of  calcium,  magnesium,  and  sodium,  but  prefer  to  use 
the  ammonium  salt,  since  it  introduces  no  in  volatile  base  which  would  interfere 
with  the  potash  determination. 

We  are  now  at  work  with  ammonium  hydrate,  continuing  the  digestion  for  u 
longer  time  and  changing  the  strength  of  the  solution.  We  are  also  testing  am- 
monium chlorid  dissolved  in  1  per  cent,  hydrochloric  acid.     We  shall  also  test 
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the  question  of  the  relative  quantities  of  the  soil  and  solvents  used  as  the  present 
amounts — 200  grams  soil  to  1  liter  of  solvent — seems  to  involve  loo  small  a  vol- 
ume of  solvent.  While  we  feel  encouraged  by  the  outcome  of  the  work  reported 
above,  it  must  be  borne  in  mind  that  before  any  method  of  soil  testing  can  be  con- 
sidered satisfactory,  it  must  give  reliable  indications  on  soils  of  diflerent  types 
that  have  been  subjected  to  investigation  by  field  tests ;  and  these  tests  must  not 
be  confined  to  one  crop,  but  must  relate  to  all  the  crops  likely  to  be  produced  on 
the  land  under  investigation.  From  data  now  at  hand  it  seems  probable  that 
certain  soils  may  have  ample  potash  in  an  available  form  to  produce  good  crups 
of  cereals,  while  not  having  enough  to  produce  profitable  crops  of  corn,  potatoes, 
or  tobacco.  This  phase  of  the  matter  must  be  kept  in  mind  in  deciding  upon  any 
definite  amount  of  soluble  ingredients  which  shall  be  used  as  a  minimum  in  judg- 
ing of  th-*  fertilizer  needs  of  a  soil. 

Purdue  Agricultural  Experiment  Station,  November,  189C. 

(1)  Jour.  Chem.  Soc,  London,  March,  1894.     This  paper  contains  a  resume  of 

suggestions  by  various  authors  and  special  investigations  by  Dr^  Dyer. 

(2)  Chem.  Div.  U.  S.  Dept.  Agr.,  Bull.  47,  p.  32. 

(3)  Rhode  Island  Agr.  Exp.  Sta.,  7th  Ann.  Rpt.,  p.  152. 

(4)  Chem.  Div.  U.  S.  Dept.  Agr.,  Bull.  38,  p.  84;  Wiley's  Agr.  Analysis,  vol.  1, 

p.  320. 
(o)     Chem.  Div.  l.'.  S.  Dept.  Agr.,  Bull.  31,  p.  99. 
(6)     Determined  by  Harry  Snyder.     See  Bull.  47,  V.  S.  Dept.  Agr.,  Chem.  Div., 

p.  49. 


AiTioN  ('F  Ammonium  Citrate  and  Citric  Acid  on  Basic  Slac;.     By  H. 

A.  HrsTON  AND  W.  J.  Jones,  Jr. 

(Abstract.) 

This  is  a  continuation  of  the  work  carried  on  for  several  vears  bv  the  authors 
under  the  general  head  of  the  availability  of  commercial  phosphates.  This  paper 
deals  with  the  two  most  prominent  materials  proposed  for  determining  the  avail- 
ability of  the  phosphoric  acid  in  the  slag.  The  factors  controlling  the  action  of 
the  reagents  are  discussed  under  the  following  heads: 
I.  Influence  of  time  of  digestion. 
II.     Influence  of  temperature. 

HI.     Influence  of  acid  (citric)  ai.d  alkali  (ammonia). 
IV.      Influence  of  quantity  of  slag  used. 
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V.     Action  of  citric  acid  on  slag. 

Amount  of  acid  neutralized  in  times  ranging  from  one-half  to  five 
hours,  at  25°  C  and  at  t)5°  C.     Amount  of  phosphoric  acid  remain- 
ing in  solution  at  the  end  of  these  periods.     The  phosphoric  acid 
in  solution  decreases  with  a  rise  in  temperature  and  with  an  increase 
in  time. 
VI.     Comparison  of  the  U.  S.  official  method  with  the  method  proposed  by 
Dr.  Paul  Wagner,  including  special  molyhdate  and  magnesia  solu- 
tions. 
The  paper  will  be  found  in  complete  form  in  Bui.  49,  Chem.  Div.  U.  S.  Dept. 
Agr.,  p.  (>8-72. 

Laboratory  State  Cheiuist  uf  Indiana,  Purdue  Vniv.,  Nov.,  1896. 


The  Character  of  the  Volatile  Matter  Lost  by  Bituminous  Coals  at 

1(K)°  C.     By  W.  E.  Burk. 

The  conditions  accompanying  the  common  method  of  determining  moisture 
in  coal  suggested  a  study  of  the  nature  and  amount  of  volatile  matter  given  ofTat 
the  temperature  of  determination. 

The  work  was  done  on  two  classes  of  Indiana  coals,  one  high  in  moisture,  the 
other  considerably  lower,  the  operation  consisting  in  passing  the  volatile  products 
from  the  coal  heated  approximately  to  100°  C,  together  with  a  current  of  <lrj'  air 
over  copper  oxide  in  a  combustion  furnace,  absorbing  the  moisture  coming  over 
with  calcium  chloride,  and  carbon  dioxide  arising  from  combustion  of  any  vola- 
tile hydrocarbons  in  a  caustic  potash  solution. 

A  hard  glass  combustion  tube  was  used,  which  extended  some  20  c.  m.  from 
the  forward  end  of  the  furnace.  This  portion  of  the  tube  was  jacketed  with  a 
glass  sleeve  with  rubber  plugs,  and  arranged  with  entrance  and  exit  openings 
through  which  a  continuous  current  of  steam  was  passed.  By  this  means  a  tem- 
])erature  approximating  100°  C  was  maintained  through  the  forward  part  of  the 
tube  in  which  a  weighed  quantity  of  powdered  coal  was  placed  in  an  aluminum 
boat.  A  slow  current  of  dry  air  was  passed,  and  the  heating  of  coal  and  com- 
bustion of  volatile  products  maintained  for  one  hour.  The  boat  was  then  removed 
and  the  absorption  bulbs  weighed,  after  which  they  were  attached  again  and  the 
tube  heated  for  a  further  twenty  to  thirty  minutes.  The  boat  containing  coal  was 
weighed  in  a  glass  enclosing  tube,  and  after  the  operation  was  allowed  to  cool  in 
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same  tube  and  under  similar  conditions,  thereby  preventing  any   reabsorption 
of  moisture  while  cooling. 

Determinations  were  made  on  from  one  to  three  grams  of  coal,  giving  results 
of  which  the  following  are  fair  examples: 


Weight  of  Coal 
Takim. 

Loss  in  Weight 
of  Coal  at  lOO**  C. 

Qain  in  Weight 
of  Each  Tube. 

Mointure. 

Carbon  Found 
From  K  0  H 
Absorption. 

1.4217  gr. 

.1994 

.20U 

14.00% 

.048% 

1.1185  " 

.1596 

.1625 

14.25% 

S&S% 

3.10TO  " 

.2111 

.2113 

6.78% 

.022% 

3.2366  " 

.2152 

.2142 

6.65% 

J025% 

2.W08  " 

.1967 

.1967 

6.66% 

m%  • 

The  gain  in  weight  of  the  calcium  chloride  tube  corresponds  with  a  slight 
difference  to  the  loss  in  weight  of  the  coal,  giving  per  cent,  of  moisture,  which 
agreed  very  well  with  separate  determination  of  moisture  in  the  same  coals 
by  the  ordinary  method  of  heating  for  one  hour  in  a  toluene  bath,  results  being 
slightly  higher,  due  perhaps  to  current  of  air  passing  over  coal,  removing  moisture 
more  completely. 

The  gain  in  weight  of  the  calcium  chloride  tube  exceeded  the  loss  in  weight 
of  the  coal  more  than  what  would  arise  from  the  combustion  of  any  volatile 
hydrocarbons  present,  as  indicated  by  carbon  found  and  calculated  as  methane. 
This  excesH  of  water  found  may  indicate  presence  of  free  hydrogen,  but  a  correct 
explanation  of  its  presence,  as  well  as  of  the  source  of  carbon  found,  can  not  be 
made  without  an  accompanying  analysis  of  the  gases  given  off"  from  the  coal  at 
100®  C,  as  the  small  percentage  of  carbonic  oxide,  carbon  dioxide  and  hydro- 
carbon volatilized  at  100°  varies  widely  with  different  coals.  The  per  cent,  of 
volatile  hydrocarbons  given  off"  in  these  experiments  — .029^^.  to  .077% — calculat- 
ing as  methane,  is  probably  higher  than  occurs  in  the  regular  determination  of 
moisture  because  of  the  air  current,  while  on  the  other  hand  the  somewhat  lower 
temperature  of  these  experiments  would  tend  to  modify  the  difference.  As  in  no 
case,  however,  does  the  loss  of  volatile  matter  other  than  water  nearly  reach  one- 
tenth  of  one  per  cent.,  tlie  error  in  calculating  the  same  as  moisture  is  of  no  prac- 
tical importance. 


^0TE9  OK  DiPHEMYLSELENON  AND  SeLENTUREN.   By  KoBERT  LyOM. 
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Notes  on  L—  and  B—  Lupanin.     By  Sherman  Davis. 


The   Physiological  Action  of  Compounds  Containing   Bivalent  Carbon. 

By  J.  r.  Nef. 


The  Calculation  ok  the  Heating  Effect  of  Coals  prom  the  Proximate 

Analysis.     By  W.  A.  Noyes. 

So  far  as  I  am  aware,  no  satisfactory  formula  has  ever  been  given  for  the  cal- 
culation of  the  heating  effect  of  coals  from  the  amounts  of  fixed  carbon,  volatile 
combustible  matter  and  sulphur  present.  It  has  been  generally  assumed  that  the 
amount  of  oxygen  in  coals  varies  so  greatly  that  no  rational  basis  for  such  a  cal- 
culation could  exist.  During  the  spring  of  1895,  Mr.  J.  R.  McTaggart  and  Mr. 
H.  W.  Caver  made  careful  analyses  and  determined  the  heating  effect  with  Hem- 
pePs  calorimetre,  for  six  Indiana  coals.  Recently  I  have  had  the  opportunity  of 
examining  similar  analyses  and  calorimetric  tests  of  fifteen  Pittsburgh  coals,  made 
under  the  direction  of  Prof.  N.  W.  Ford,  of  the  University  of  Ohio, 

In  the  analyses  as  given,  the  amount  of  oxygen  in  these  coals  appears  to  vary 
between  quite  wide  limits.  On  subtracting  from  the  total  oxygen  the  oxygen 
present  in  the  form  of  water,  however,  it  was  found  that  the  average  amount  of 
oryifcn  of  combustible  mallei'  yi?L%l .12  per  cent,  for  the  Indiana  coals  and  8.05*  for 
the  Pittsburgh  coals,  or  a  general  average  of  7.96  per  cent,  and  a  maximum  devi- 
ation from  that  average  of  \,%^  per  cent.  In  only  one  coal  is  the  difference  from 
the  mean  more  than  (me  per  cent. 

Since  the  per  cent,  of  hydro^n  in  these  coals  is  subject  to  only  a  i^light 
variation,  it  follows  that  the  combustible  matters  present  in  all  of  these  coals  so 
far  as  they  consist  of  carbon,  hydrogen  and  oxygen,  have  a  nearly  constant  com- 
jM)sition.  There  should,  therefore,  be  a  nearly  constant  factor  for  this  total  com- 
bustible matter.  In  order  to  calculate  this  factor  for  the  coals  in  question  it  has 
been  assumed  that  one-half  of  the  sulphur  is  found  in  the  volatile  combustible 
matter  as  calculated  from  the  difference  between  total  volatile  matter  and  water 
and  that  the  fixed  carbon  is  given  with  sufficient  accuracy  by  subtracting  the  ash 
from  the  coke.  In  other  words,  the  combustible  matter  was  formed  for  the  pur- 
poses of  this  calculation  by  subtracting  from  100  the  per  cent*,  of  water  and  ash 


^  In  oilculating  this  resalt  Profeuor  Ford's  figures  for  oxygen  were  corrected  by  adding 
three-eighths  of  the  weight  of  sulphurs,  on  the  supposition  that  iron  pyrites  in  the  coal  ii 
burned  to  ferric  oxide  in  the  ash.    8«e  Jour.  Am.  Ch.  Soc.  XVII. 
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and  one-half  of  the  per  cent,  of  sniphur.  When  the  heating  effect,  as  found  in 
the  calorinietre  (calculated  on  the  basis  of  the  fuel  burned  and  vapors  of  water  at 
10(>°  C;  was  divided  by  this  per  cent,  of  combustible  matter  it  was  found  that  one 
gram  of  combustible  matter  gives,  on  the  average,  for  the  Indiana  coals  8073 
calories  and  for  the  Pittsburgh  coals  8078  calories. 

We  may,  therefore,  give  the  following  empirical  rule  for  the  calculation  of 
the  heating  effect  of  coals :  Fiiid  the  comhuatihle  matter  by  subtrcLCting  from  100  the 
per  cents,  of  \cater  and  aah  and  one-half  of  the  per  cent,  of  snlphurj  and  multiply  this  re- 
iMxinder  by  80.7.     The  result  voiU  give  tlw.  heating  effect  of  the  fuel  burned  to  liquid  water. 

For  the  twenty-one  coals  referred  to,  the  heating  effect  calculated  by  this  rule 
-shows  a  maximum  deviation  from  the  calorimetre  test  of  two  and  one-fourth  per 
rent.,  while  the  agreement  is  in  most  cases,  much  closer  than  that. 

It  would  not  l>e  safe  to  apply  this  rule  to  coals  known  to  be  of  very  different 
origin  or  character,  until  a  similar  comparison  of  calorimetre  results  with  the 
analvsis  has  been  made  for  such  coals. 


.Noxra  ON  THE  Flora  oj*  LaKe  CfcoTT  and  Lake  MAxiNKt'CWEU.     Bv 

Robert  Heasler. 

The  following  notes  on  the  Hora  of  the  region  surrounding  Lakes  Cicott  and 
Max  ink  uckee  are  offered  as  a  contribution  toward  a  complete  flora  of  Indiana; 
they  are  based  on  personal  observations  made  during  the  period  beginning  with 
August,  1894,  and  ending  with  Dei'ember,  1896. 

Longcliff,  just  west  of  Logan»i)ort,  has  been  the  basis  of  o(»eration,  so  to  speak, 
and  this  locality  has  been  examined  most  fully.  1  thought  it  l)est,  therefore,  to 
make  mention  of  the  noteworthy  plants  found  here,  although  the  flora  does  not 
differ  materially  from  that  common  to  the  central  part  of  the  State.  It  is  the 
usual  glacial  drift  flora,  with  beech  as  the  most  common  forest  tree. 

The  region  about  the  lakes  is  in  marked  contrast.  The  npland  soil  is  made 
up  of  a  fine  sand  which  contains  only  the  merest  trace  of  lime,  and  with  oak  as 
the  prevailing  tree  The  lowlands  in  places  are  wet  or  swampy.  Tamarack 
swamps  and  peat  bogs  occur  here  and  there,  but  are  nowhere  o^f  great  extent.  It 
is,  perhaps,  unnecessary  to  state  that  the  wet  northern  portion  of  Indiana  is  being 
drained  more  and  m(»re  every  year,  and  the  land,  exceedingly  fertile,  brought 
under  cultivation.  The  completion  of  the  Kankakee  drainage  system  will,  in 
time,  be  followed  by  numerous  minor  system^,  and  in  the  course  of  a  few  years  the 
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"Mars*li  Flora,"  if  we  may  so  call  it,  will  have  disappeared  from  Indiana.  Al- 
ready many  of  the  plants,  once  common,  are  rare  and  restricted  to  isolated  areas; 
the  natural  habitat  being  destroyed,  the  extermination  of  plants  naturally  follows, 
in  my  own  numerous  excursions  I  have,  in  many  instances,  been  unable  to  find 
more  than  one  or  two  specimens  of  certain  species  after  three  seasons  of  close 
search.  The  reports  of  other  observers  in  different  parts  of  the  State  show  a  sim- 
ilar result.  Even  now  the  swamps  tind  bogs  mentioned  in  this  paper  are  being 
ditched  and  drained,  and  in  a  very  short  time  the  last  vestiges  of  a  once  common 
flora  will  have  disappeared. 

The  flora  of  the  uplands,  with,  perhaps,  a  few  exceptions,  is  in  no  immediate 
danger  of  extinction.  It  will  be  many  years  before  the  comparatively  barren  oak 
flats  and  oak  ridges  will  be  brought  under  cultivation,  and  even  then  species  will 
continue  to  lead  a  more  or  less  precarious  existence  in  waste  places  and  along 
fence  rows.  Species  with  showy  flowers,  or  those  that  are  useful,  are  among  the 
first  to  disappear;  this  being  especially  true  of  the  flora  of  lakes  visited  by  sum- 
mer tourists. 

A  few  remarks  on  the  location  and  general  surroundings  of  the  chief  localities 
embraced  in  this  paper  will  render  unnecessary  in  the  notes  extended  references  to 
localities,  which  would  otherwise  be  frequent.  For  instance,  ** Swamp  east  of 
Lake  Cicott"  refers  to  one  definite  locality,  as  described  below. 

Lake  Cicott  is  located  near  the  western  border  of  Cass  County,  about  eight 
miles  west  of  Logansport.  At  present  it  is  an  oval  body  of  water  less  than  half  a 
mile  in  length,  east  to  west.  F^ormerly  it  was  much  larger,  with  an  irregular 
shore  line.  The  north  and  south  banks  are  high,  even  bluffy;  those  on  the  east 
and  west  low  and  flat.  There  is  no  outlet,  but  in  the  event  of  high  water  the  ex- 
cess would  drain  into  Crooked  Creek,  a  mile  to  the  east.  The  recession  of  the 
water  has  been  in  the  west,  and  this  portion  is  now  dry  and  covered  by  a  dense 
growth  of  weeds,  chiefly  ragweed  and  smartweeds.  The  water  is  very  clear  and 
contains  few  aquatics.  The  soil  of  the  neighborhood  is  sandy,  a  tine-grained 
ivolian  sand  with  little  lime,  and  with  a  vegetation  characteristic  to  such  soils, 
chiefly  oak,  with  an  entire  absence  of  beech.  The  country  is  gently  rolling,  l>e- 
coming  level  to  the  west  an<l  north.  The  railroad  station  at  the  lake  is  Cicott, 
also  s])elled  Ciecott. 

Swamp  East  of  Lake  Cicott  is  situated  about  one  mile  due  east  of  the 
lake,  and  marks  approximately  the  boundary  between  the  sandy  lands  on  the  west 
and  the  glacial  drift  soils  on  the  east.  At  present  it  is  reduced  to  a  few  acres,  and 
i>  being  rapidly  encroached  upon  by  drainage,  and  will  soon  cease  to  be.  The 
number  of  rare  species  found  in  it  is  remarkable;  some  were  seen  nowhere  else. 
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Lake  Maxinkuckee.  This  well-known  lake,  several  miles  in  length,  is 
located  in  the  southwest  corner  of  Marshall  County,  about  thirty-five  miles  north 
of  Logansport.  The  8oil  in  the  vicinity  is  sandy,  especially  in  the  uplands.  The 
most  interesting  botanical  localities  are  along  the  low  marshy  southern  extremity, 
and,  unless  otherwise  indicated,  my  references  are  to  this  part. 

Tamarack  Swamp,  South  of  Delono,  is  located  in  the  extreme  northwest 
corner  of  Fulton  County,  within  half  a  mile  of  the  station  on  the  Michigan  CHvi- 
sion  of  the  Vandalia  Railroad,  and  a  few  miles  south  of  Lake  Maxinkuckee.  It 
has  an  irregular  outline,  is  narrow  in  places  and  contains  several  hundred  acres. 
In  the  center  is  the  remains  of  an  old  lake,  now  almost  covered  over  bv  a  mass  of 
ericads  and  peat  moss.  The  whole  region  has  recently  been  ditched,  the  ditch  in 
places  passing  through  peat  four  feet  in  thickness.  This  drainage  is  an  example 
of  what  is  going  on  all  over  northern  Indiana. 

Tamarack  Swamp,  East  of  Monteray,  is  several  miles  west  of  the  last 
named  swamp,  and  just  east  of  the  little  town  of  Monteray,  in  Pulaski  County, 
It  covers  less  than  fifty  acres,  but  is  very  dense,  and  also  contains  the  remains  of 
a  lake. 

Sandy  Land,  West  of  LiXrANspoRT,  is  interesting,  botanically.  It  begins 
abruptly  at  Kenneth,  three  miles  west  of  Logansport,  in  the  form  of  a  triangle, 
widening  from  a  narrow  point  to  a  mile  or  more,  and  gradually  fading  or  disap* 
pearing  at  Ix>gansport.  (veologically  it  is  a  limestone  ridge  covered  with  wind- 
blown sand  in  a  glacial  region.  At  the  western  extremity  it  rises  abruptly,  as 
already  indicated,  and  is  more  or  less  bluffy  on  the  sides,  especially  on  the  south, 
fronting  the  Wabash  River.  From  a  height  of  about  forty  feet  at  the  angle,  it 
gradually  declines  to  the  east  and  finally  merges  into  the  ordinary  '  second  bottom* 
soil  of  the  valley.  The  sandy  covering,  that  is,  the  soil,  is  deep  on  the  north  and 
very  thin  on  the  south,  the  underlying  rock  being  bare  in  ])laces.  The  Western 
portion  is  covered  with  a  thin  oak  wood ;  the  remainder  is  in  cultivation.  Cer- 
tain  species  occurring  here  plentifully  are  either  absent  in  the  other  localities  or 
occur  sparingly. 

The  Wabash  River  at  Ix)gan.sport,  and  for  many  miles  below,  has  its  bed 
eroded  in  the  limestone;  the  bluffs  in  places  are  perpendicular  and  often  twenty- 
five  feet  high ;  the  bottom  is  of  solid  rock,  sandbars  being  few  and  small.  The 
periodical  high  water  washes  out  everything  before  it,  and,  therefore,  plants 
usually  fouiffd  on  the  sandy  banks  of  rivers  are  notably  absent. 

Localities  other  than  the  above  are  referred  to  by  name  or  descriptively  under 
the  proper  species.     Where  no  locality  is  given  the  species  is  general. 
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In  regard  to  species  included  and  excluded,  the  list  is  limited  as  follows  : 

f  a. )     To  phanerogramf>  or  flowering  plants. 

(b.)  Plants  new  to  Indiana,  /.  «.,  plants  not  given  in  Coulter's  Catalogue  of 
the  Plants  of  Indiana. 

ic.)  Plants  rare  in  Indiana,  or  locally  distributed,  according  to  the  above 
catalogue. 

(d. )     Plants  noteworthy  for  some  particular  reason. 

(e. )  Excluded  species  are  those  common  throughout  the  State  and  which 
may  he  seen  at  any  time.  At  the  sugg^tion  of  Prof.  Stanley  Coulter,  however, 
some  species  have  been  mentioned  on  account  of  their  rarity  or  absence,  an  ab- 
sence well  marked  to  one  accustomed  to  note  the  plants  about  him. 

The  nomenclature  is  that  of  the  sixth  edition  of  Gray's  Manual,  as  at  present 
used  by  the  State  Biological  Survey.  For  the  benefit  of  the  reader  not  familiar 
with  the  botanical  names  the  common  English  names  have  been  added. 

Specimens  of  species  mentioned,  unless  common  in  other  parts  of  the  State, 
are  in  my  herbarium.  A  set  comprising  those  new  to  the  State,  and  a  number  of 
the  rarer  ones,  has  been  presented  to  the  Biological  Survey.  In  case  of  doubt  as 
to  the  identity  of  a  species,  critical  comparisons  were  made  with  the  specimens  in 
the  herbarium  of  Purdue  University.  My  thanks  are  due  to  Prof.  Stanley  Coulter 
for  his  kind  assistance  in  making  comparisons  and  in  determining  several  species 
which  were  in  leaf  only. 

Anemone  Penwrylvaniea  L.     General  but  nowhere  abundant. 

Anemnnelta  thaJietroides  Spach.  Rue  Anemone.  Common  in  sandy  soils  west 
and  north,  rare  in  drift  soils. 

Thfiiirtrum  polygamum  Muhl.  Tall  Meadow  Rue.  Seen  occasionally  in  wet 
soils  about  the  lakes. 

RanuncNh(.8  muUijiduHj  var.  tenejitria^  G.  Two  plants  only  found  in  a  dried-up 
}>ooI  on  the  western  border  of  Lake  Maxinkuckee.  None  of  the  leaves  were  fili- 
form. 

Ranunculus  sceleratiui  L.  Cursed  Crowfoot.  Frequent  in  the  brooks  about 
Logannport ;  not  seen  at  the  lakes. 

hopyrum  hiUmaJum  T.  and  G.     Plentiful  in  beech  woods,  rare  in  sandy  soil 

w<»ods. 

Cnltha  palustrU  L.     Marsh  Marigold.     Frequent  in  wet  places. 

Coptin  tri/olia  Salisb.  Groldthread.  Common  in  one  small  locality,  tamarack 
swani))  at  DeLong;  does  not  occur  at  Lake  Cicott.     No  other  notes. 

Caulophyllum  fhaiictroides  Michx.     Blue  Cohosh.     Rare  in  drift. 
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Jeffersonia  diphyUa  Pers.     Twin-leaf.     Not  seen;  absent. 

BroMfnia  peltaia  Pursh.     Water-shield.     Common  in  Lake  Cicott;   no  notes 

on  other  localities. 

Selumbo  lutea  Pers.     Water  Chinquapin.     Absent. 

Sympfuea  reniformis   I).  C.     White   Water   Lily.     Lakes,    ponds    and    slow 

streams;  common. 

Nnphar  advena  Ait.     Yellow  Pond  Lily.     With  the  last,  plentiful. 

Sarracenia  purpurea  L.  Pitcher  Plant.  Common  in  tamarack  swamps  around 
Lake  Maxinkuckee.     Not  seen  at  Lake  Cicott. 

CorydalU  jlavula  D.  C.     Plentiful  about  Logansport  in  all  soils. 

Arabu  hirsuta  Scop.  Frequent  along  the  banks  of  the  Wabash.  Plants 
smoothish ;  stems  clustered.     Not  given  in  Coulter's  catalogue. 

Arahis  denUUa  T.  <&  G.     Frequent  on  dry  limestone  cliffs  and  in  hilly  drift. 

Erysimum  asperum  D.  C.  Western  Wall  Flower.  Common  on  a  few  lime- 
stone cliffs  west  of  Logansport. 

Sisymbrium  caneseenn  Nutt.  Tansy  Mustard.  Very  common  in  the  sandy 
lands  west  of  Logansport,  not  seen  in  other  localities. 

Polanina  gravedens  Raf.  Noticeably  absent  from  the  banks  of  the  Wabash 
River,  and  not  seen  anywhere. 

HeliarUhemum  Conadenne  Michx.  Frost-weed.  Frequent  in  drj%  sandy  soils 
about  the  lakes. 

Lechea  major  Michx.  Pinweed.  iSeen  in  two  localities  only,  and  nere  plenti- 
ful ;  one  at  Lake  Cicott,  in  moist,  sandy  ground ;  the  other  east  of  Monterey. 

Leehea  minor  L.     A  few  plants  seen  near  Lake  Cicott;  one  locality. 

Viola  pedata  L.     Bird-foot  Violet.     Plentiful  on  sand  ridges  at  Lake  Cicott. 

Solea  concfdor  Ging.     Green  Violet.     Rare,  on  limestone,  west  of  Logansport. 

Cerastium  arvense  Var.  oblongifolium  H.  *S:  B.     Common  in  the  Wabash  Valley. 

Hypericum  prolificum  L.  Shrubby  St.  John's  Wort.  Rarely  seen ;  east  of  Lake 
Cicott  only. 

Hypericum  cistifolium  Lam.  In  several  places;  wet  limestone  ledges  on  the 
Wabash;  plentiful  where  it  does  occur. 

Gemnium  Garolinianum  L.     A  weed  along  the  railroads. 

Xanthoxylum  Ameri4Xinum  Mill.     Prickly  Ash.     Frequent  in  drift. 

Ilex  rerticillata  G.     Winter  Berry.     Fre<|uent  about  the  lakes. 

Nemo panthen  fane icularis  Raf.  Freijuent  in  tamarack  swamps  at  DeLong;  not 
seen  an v where  else. 

Rhamnus  hnceo/ata  Pursh.  A  few  bushes  on  the  limestone  outcrops  west  of 
Logan8j)ort. 
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Cfanothns  Aniericanus  L.  New  Jersey  Tea.  Common  everywhere  in  dry,  up- 
land, Handy  soils;  not  seen  in  drift. 

Vitis  Labrmra  L.     Fox  Grape.     Rare ;  about  the  lakes. 

yegundo  aeeroide^  M.     Box  Elder.     In  drift  soils,  rare. 

Rh\u<  venenata  D.  C.  Poison  Tree.  Poisiu  Do^-wood.  Excessively  common 
about  DeLong  in  tamarack  swamps  and  peat  bogs.  Not  seen  at  Lake  Cioott.  Its 
presence  in  a  swamp  acts  as  an  efiectual  barrier  to  the  entrance  of  many  persons, 
especially  those  readily  susceptible  to  its  noxious  influence.  Many  persons  proof 
against  the  common  Poison  Ivy  readily  succumb  to  this  species. 

BhiH  Canadenms  Marsh.  Fragrant  Sumach.  Very  common  and  forming 
thickets  in  the  thin,  sandy  soils  west  of  Logansport  and  in  the  limestone  ledges. 
Karelv  seen  in  other  localities. 

Poly(}(ila  Senegn  L.  Seneca  Snakeroot.  Common  in  sandy  soils  east  of  Lake 
Cicott ;  more  or  less  general  in  sand  soils,  but  nowhere  common. 

Polygnla  Hanguinea  L.     Rarely  seen,  in  moist  alluvial  soils  at  lakes. 

Poti/gaJa  cruriata  L.  A  few  plants  in  one  locality  only,  a  moist  place  south- 
east of  Lake  Cicott. 

Ijupinui*  perennis  L.     Wild  Lupine.     Common  about  the  lakes. 

Psoralen  onobrychis  Nutt.     Rare,  in  sandy  soils. 

Amorphn.  canescens  Nutt.  Lead  Plant.  Seen  occasionally  at  Lake  Cicott. 
No  notes  on  its  occurrence  in  other  localities. 

PtialoMeiuon  violacens  M.     Rare;  in  sandy  soils. 

Pelalogfemon  eandidus  M.     With  the  last  and  rare. 

Tt'phrosia  Virginiana  Pers.     Goat's  Rue.     Lake  regions ;  rare. 

Ast ragtil UM  Oinaden)nn  Ij.  Along  the  west  shore  of  Lake  Maxinkuckee;  not 
r;ire. 

DfAinodinm  canescens  D.  C.     In  sandv  soils. 

T^espedeza  violacea  Pers.  Common  in  sandy  soils  west  of  Logansport ;  also  oc- 
casional in  other  places. 

Ije»prdeza  reticulata,  Pers.     Sandy  woods  of  lake  regions;  frequent. 

JjeKpedtza  eapitota  M.     With  the  last  and  common. 

LcAjyedeza  angustifolia  £11.  A  single  large,  bushy  plant  was  found  along  the 
railroad  cast  of  Lake  Cicott;  perhaps  a  migrant. 

Vicia  Caroliniana  Walt.  Sandy  soils  about  the  lakes;  frecjuent.  Several 
other  species,  belonging  apparently  to  the  Vicwe  group,  were  found  in  leaf  only, 
and  on  aeoonnt  of  their  uncertain  identitv  are  here  excluded. 

Apit>9  (ubercmi  M.     Absent. 
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Ojftnnocladuti  Canadenaij*  Laui.     Cofleenut  Tree.      Seen  occasionally  in  drift 
soils  at  Logannport :  trees  often  large. 

Prunus  Americana  Mar.     Wild  Plum.     Rare. 

Prunus  Virginiana  h.     Choke  Cherry.     Limestone  bluffs;  rare. 

Spimea  aalicifolia  L.     Common  Meadow  Sweet.     Common  in  wet  situations 
about  the  lakes. 

Spireae  tomerUoHa  L.     Hardback.     Steeple-bush.     With  the  last,  but  rare. 

Spiraea  lobaia  Jacq.     Queen  of  the  Prairie.     With  the  preceding. 

Phyioearpus  op/ulifoliui  yitLXim,     Nine-bark.     Rare;  along  Crooked  Creek. 

PoterUiUa  Norvegica  L.     A  weed  in  cultivated  ground ;  common  in  drift. 

Potentitla  fruticota  L.  Shrubby  Cinquefoil.  In  a  few  places  near  the  lakes, 
and  here  common. 

Pyrus  arbutifolia  Var.  melanocarpa  Hook.  Choke-berry.  Frequent  in  low 
lands  at  the  lakes. 

Amelanehier  CdTiodenm  T.  &  G.  Service-berry.  Qenerally  distributed,  but 
rare. 

Amelanehier  Ganadermn  Var.  oblongifolia  T.  &  G.  Dwarf  June- berry.  On 
limestone  cliffs  of  the  Wabash ;  not  rare. 

Sarifraga  Pennsylvanita  L.     Meadow  Saxifrage.     Frequent  in  wet  places. 

PanuxMta  Garoliniana  Miehx.     Abundant  in  many  wet  places. 

Mibes  fioridum  L'Her.  Wild  Black  Currant.  Seen  occasionally  in  wet  woods 
near  Logansport. 

Drosera  species.  Although  a  very  close  search  was  made  for  species  of  Dros- 
era,  not  a  single  plant  was  found. 

Hamamdta  Virginiana  L.     Witch-hazel.     None  seen. 

Liqiiidamber  Styracifina  L.     Sweet  Gum.     Seems  to  be  absent. 

MyriophyUum,     No  notes. 

Lythrum  akUum  Pursh.  Loosestrife.  Common  near  the  water's  edge  Lake 
Cicott;  less  common  at  Lake  Maxinkuckee;  moist  places  along  the  Wabash. 

Decodan  verlieilUitus  Ell.  Swamp  Loosestrife.  I  have  no  specimens  and  no 
notes  on  its  occurrence,  but  at  this  writing  (December,  1896)  believe  it  occurs  in 
at  least  one  wet  place  near  Lake  Cicott.  I  may  add,  parenthetically,  that  it  oc- 
curs plentifully  at  Turkey  Lake,  in  the  northeast  portion  of  Kosciusko  County. 

Epilobium  angttMifolium  L.  Great  Willow  Herb.  A  single  large  specimen  of 
this  handsome  plant  was  found  on  the  edge  of  the  Tamarack  Swamp  at  DeLong. 
Not  in  Coulter's  Catalogue. 

Heracieum  lanatumWichji.  Cow-Parsnip.  Moist  places  about  Lake  Cicott; 
not  rare. 
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Eiyngium  ijuccaefolium  Michx.  Rattlesnake  Master.  Frequent  about  the 
lakes,  especially  Lake  Cicott. 

Araliu  raeemosa  L.     Spikenard.     In  drift  soils  ;  rare. 

Viburnum  acerifolium  L.     Dockmackie.     Common  in  sandy  soils. 

TrioHteum  per/oliatum  L.     Horse  Gentian.     Rare. 

IrioiUeum  angustifolium  L.  Common  in  sandy  soils.  (Besides  these  well-marked 
forms  there  occur,  especially  in  the  sandy  soils  west  of  Ix>gansport,  specimens  that 
partake  of  the  characters  of  both.  In  a  large  collection  all  stages  of  transition  of 
one  to  the  other  may  be  seen.     Are  possibly  hybrids.) 

Hoiutonia  catrtUea  L.  Bluets.  Only  two  plants  were  found,  one  of  which  was 
in  bloom,  on  the  grassy  edge  of  a  thin  sandy  woods,  about  one  mile  south  of  Lake 
Cicott.     The  leaves  are  very  hairy. 

HouMonia  purpure4i  L.  A  narrow-leaved  form  is  common  in  the  sandy  lands 
west  of  Logansport;  also  seen  about  the  lakes. 

Oalium  boreale  L.  Northern  Be<l8traw.  Noticed  in  three  localities.  Common 
in  the  swamp  east  of  Lake  Cicott  and  also  common  on  the  southern  edge  of  Lake 
Maxinkuokee ;  rare  on  the  wet  limestone  ledges  just  west  of  Logansport,  on  the 
Wabash.  The  occurrence  in  Cass  County  greatly  extends  its  southern  range  in 
Indiana,  according  to  Prof.  8.  Coulter. 

Valniana  edulis  Nutt.  Common  in  a  wet  meadow  on  the  southeast  edge  of 
Lake  Maxinkuckee  and  in  the  swamp  east  of  Lake  Cicott,  seen  nowhere  else. 
This  species  is  not  reported  in  Coulter's  Catalogue. 

VaUrianeUa  radiata  Dufr.  According  to  my  notes,  occurs  along  the  railroad 
east  of  Cicott,  but  I  can  not  vouch  for  its  identity;  no  specimens  preserved. 

Eupatorium  netiiifolium  L.  Upland  Boneset.  Occasional  in  sandy  lands  west 
of  Logansport. 

Liatris  Hcariona  Willd.     Freijuent  in  dry  sandy  soil. 

LiatrU  apirata  Willd.     Common  in  wet  situations. 

Orindelia  sfpiarnmi  Dunal.     Appearing  along  the  railroads. 

Solidago  latxfi)lm  L.     Broad-leaved  Goldenrod.     Rare. 

SolidaffO  uliginofta  Nutt.     Wet  places. 

Solidago  ^j)(ciom  Nutt.  Rare;  in  sandy  lands  west  of  Ijogansport  and  in  the 
neighborhood  of  Lake  Cicott;  not  seen  elsewhere.  This  showy  species  is  not  re- 
ported in  Coulter's  Catalogue  of  the  Plants  of  Indiana. 

Solidago  patiila  Muhl.     Common  in  wet  places. 

Solidago  rugoHa  Mill.  Collected  at  Lake  Maxinkuckee  in  the  fall  of  lSi)4, 
No  notes. 
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Solidago  Hlmifolia  Muhl.  Common  in  thin  woods,  sandy  lands  west  of  Logans- 
port. 

Solidago  argtita  Ait.     With  the  last,  rare. 

Solidago  serotina  Ait.     Collected  at  Lake  Maxinknckee.     No  notes. 

Solidago  nemoralU  Ait.     Frequent  in  dry  places  at  Lake  Cicott. 

Solidago  radula  Nutt.     Collected  at  Lake  Maxinkuckee. 

Solidago  rigida  L.     Some  large  plants  at  Cicott ;  frequent. 

Solidago  Ridellii  Fr.     Common  in  wet  places. 

Solidago  lanc^olata  L.     Common. 

Solidago  tenuifolia  Pursh.     At  Lake  Cicott;  rare. 

(Besides  the  above  several  Solidagos  of  doubtful  identity  were  collected  in 
different  localities.  Where  no  locality  is  given  in  the  list  the  species  occurs  gen- 
erally. These  remarks  also  apply  to  the  Asters.  Asters  are  not  represented  aa 
well  as  the  Solidagos.) 

AsUr  NowF-Anglun  L.     Common  in  wet  places. 

Aster  azureus  Lindl.     Wet  meadow  cast  of  Cicott. 

Aaler  cordifolius  L.     Frequent. 

Aster  laevis  L.     Frequent. 

Aster  utnbellatus  Mill.  Very  tall  and  common  in  a  wet  place  east  of  the  Ken- 
neth Stone  Quarries,  west  of  Ix)gan8port;  rare  at  Lake  Maxinkuckee. 

Aster  iinariifolius  L.  Occurs  sparingly  on  the  southern  high,  dry,  sandy 
bank  of  Lake  Cicott ;  not  found  elsewhere. 

Silphium  terebirUhinaceum  L.     Frequent;  open,  sandy  soils. 

Silphium  laeiniatum  L.  The  Rosin-weed  was  not  seen  by  me,  but  a  friend 
brought  me  some  leaves  from  the  extreme  northwest  corner  of  Cass  County ;  is  re- 
ported common  on  the  prairies  to  the  northwest. 

Silphium  int' grifolium  Michx.     Frequent  about  Lake  Cicott. 

Parthenium  integrifolium  L.     Very  rare;  a  few  plants  south  of  Cicott. 

Ambrosia psUostachya  D.  C.  Seen  in  leaf  only;  along  the  Vandalia  Railroad 
at  Marmont ;  evidently  a  migrant.     Not  in  Coulter's  Catalogue. 

Echinacea  purpurea  Moench.  Purple  Cone-Flower.  Generally  distributed, 
but  not  common. 

Rudbeekia  suhtOmeniom^WT^h.     About  Lake  Cicott;  rare. 

Lepa/ihys  pinnata  T.  «&  G.     General,  but  rare. 

ITelianthus  occidentalis  Rid.     In  dry  places,  Lake  Cicott ;  rare. 

HelianthiLs  divaricaina  L.     Sandy  woods  w^est  of  Logansport;  rare. 

Coreopsis  palmaia  Nutt.     High  south  bank,  Lake  Cicott ;  rare. 

Coreopsis  tripteris  L.     Sandy  woods;  common. 
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Dyaodia  c.hrymnthemoidtn  Lag.  Along  the  railroad  at  Cicott;  evidently  a 
migrant.     Not  seen  elsewhere. 

ArUmima  eaudata  Michx.  High,  sandj  bank,  Lake  Cicott;  rare;  a  few  plants 
only.     Not  seen  elsewhere. 

Caealia  (itriplici/olia  L.  Dry,  sandy  soil,  along  the  railroad,  east  of  Lake 
Cicott ;  possibly  a  migrant. 

Cncxdia  tuber  OKI  Niitt.  Tuberous  Indian  Plantain.  Swamp  east  of  Lake  Cicott 
onlv.  and  here  common. 

Cnicux  ari^ensif*  Iloffm.  Canada  Thistle.  Noticed  a  small  patch  at  Logans- 
port  by  the  side  of  the  railroads;  is  a  migrant. 

Prettwi thes  raeemosa  Michx.  East  of  Cicott;  rare.  Not  in  Coulter^s  Cata- 
logue, but  reported  since  then. 

lAictiica  aeariola  L.  Prickly  IjCttuce.  This  rank  weed  is  excessively  common 
along  the  railroads,  and  is  rapidly  spreading. 

Lobelia  cardinalu  L.  Not  seen;  if  present  at  all,  is  certainly  rare.  (Common 
at  Turkey  Lake,  in  Kosciusko  County.) 

Jjobelia  spicata  Lam.     Frequent  in  dry,  sandy  soils. 

Lobelia  Kalmii  L.     Not  rare  in  wet  places.. 

CamfHinufja  rotundi/olia  L.  Var.  Aretiea.  Harebell.  Common  in  crevices  in 
limestone  bluffs  on  the  Wabash;  frequent  on  high  banks  of  Lake  Maxinkuckee. 
Not  seen  at  Lake  Cicott. 

Guylusmria  resiiKHna  T.  &  G.  Black  Huckleberry.  Common  in  open,  sandy 
woods  about  the  lakes. 

Vaccinium  Pennsyivanicum  Lam.  Dwarf  Blueberry.  Seen  in  one  locality,  a 
thin,  sandy  woods  south  of  Lake  Cicott.     Doubtless  occurs  in  other  localities. 

Vaccin'uin  rorymboaum  L.  Common  or  Swamp  Blueberry.  Common  in 
swamps  in  sandy  regions;  not  found  in  drift  soil. 

Vaccinium  macrocarpon  Ait.  Cranberry.  Common  in  open  places  in  the 
tamarack  swamps  and  peat  bogs  south  of  Lake  Maxinkuckee.  Not  at  Lake 
Cicott.  According  to  the  accounts  of  old  settlers,  very  large  cranberry  bogs  ex- 
isted when  the  country  was  first  occupied.  The  bogs  or  marshes  now  existing  are 
small  and  are  rapidly  disappearing. 

Epit/ata  repeim  L.     Arbutus.     Not  seen. 

GauUheria  procumbent  L.  Wintergreen.  Frecjuent  in  low,  damp  woods  about 
the  lakes. 

Andromeda  polifolia  L.  With  the  Cranberry  and  Pitcher-Plant,  in  peat  bogs 
chielly ;  common  where  it  does  occur.     Not  in  Coulter's  catalogue. 

QiAmndra  ca^yrxdata.  Don.     Leather-I^af.     With  the  last;  common. 
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Monotropa  nnijlara  L.     Indian  Pipe.     Rare ;  east  of  Lake  Cicott. 

Monolropa  Hypopitya  L.     Pine-sap.     Rare ;  with  the  last. 

(No  other  members  of  the  Heath  family  were  seen.) 

Dodecatheon  Meadia  L.     Shooting-Star.     A  few  plants  in  a  wet  meadow  east 
of  Cicott.     Not  seen  in  other  localities. 

THentalis  Americana  Pursh.     Star-Flower.     In  tamarack  swamps;   common 
where  it  does  occur. 

Steironema  eiliatum  Raf.     General,  but  nowhere  abundant. 

Steironema  longifolium  G.     In  swamps ;  common. 

Lyaimachia  stricta  Ait.  Plentiful  in  a  small  swamp  south  of  Lake  Cicott;  no 
notes  on  its  occurrence  elsewhere^ 

Apoci/num  andromemi/olium  L.  Spreading  Dogbane.  General  in  sandy  soils, 
and  common  along  the  railroads. 

Apoq/num  eannabinum  L.     Indian  Hemp.     Not  as  frequent  as  the  last. 

Aadepitu  verticilUUa  L.     About  the  lakes;  rare. 

Aeeraies  longifolia  £11.     On  the  high,  sandy,  south  bank  Lake  Cicott. 

Sahbaiia  angtUarU  Pursh.  This  handsome  plant  is  common  on  the  moist,  sandy 
shores  of  I^ake  Cicott,  and  was  not  seen  in  any  other  locality. 

Qentiana  crtnita  Froel.  Fringed  Gentian.  General  in  wet  places,  but  not 
common. 

Gentiami  (juintfueflora  Lam.     Not  seen. 

Gentiana  Andreumi  Grisb.     Cloned  Gentian.     Rare;  in  moist  woods. 

Qentiana  alba  Muhl.  A  single  plant  in  seed  found  in  the  summer  of  1895 
east  of  Lake  Cicott. 

Frcuera  Carolinejuis  Walt.  American  Columbo.  A  score  or  so  of  plants  oc- 
cur in  the  dry,  sandy  woods  west  of  Logansport ;  not  seen  elsewhere. 

Menyanthes  tri/oliata  L.  Buckbean.  In  bogs  with  the  Pitcher-plant  and  Cran- 
berry; common  here. 

Phaeelia  bipinruitifida  Michx.  In  the  Wabash  Valley  about  Logansport,  on 
rocky  and  hilly  places;  common;  very  fetid. 

Fhoicelia  Purshii  Buckley.  Common  in  cultivated  grounds  at  Logansport  as  a 
weed ;  this  year  it  bloomed  freely  in  the  fields  at  Longcliff  up  to  November  27, 
not  having  been  injured  by  a  previous  temperature  of  22  degrees. 

Mertensia  Virginiea  D.  C.  Virginia  Cowslip,  Bluebells.  In  two  localities  in 
the  valley  west  of  Logansport;  rare. 

Litkospermum  arvewte  L.  Wheat-thief,  Corn  Gromwell.  A  weed  common 
along  the  railroads,  and  has  taken  possession  of  some  fields. 

Lithospennum  hirtum  Lehm.     Common  in  sandy  soils. 
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Eehium  vufgare.  The  Viper's  Bugloss,  or  Blue- weed.  Occurs  along  the  B.  & 
O.  Railroad  east  of  Turkey  Lake,  in  Kosciusko  County;  it  will  quite  likely  soon 
appear  in  this  region. 

Chdone  glahra  h.     Turtle-head.     Frequent  in  wet  places. 

Pentstemon  pubescent  Sol.     Common  in  sandy  soils. 

Pentstemon  Utvigntim  Sol.     Rare ;  in  drift  soils  about  Logansport. 

Veronica  AnagallU  L.     Water  Speedwell.     Rare. 

CastUleia  coecinea  Spreng.     Painted  Cup.     About  the  lakes;  rare. 

Pedicularis  lancedcUa  Michx.     Occasionally  seen  in  wet  places. 

Utricularia  species.  None  found  in  flower  and  I  have  no  notes  on  its  pres- 
ence in  the  waters  of  this  region,  although  it  must  certainly  be  found.  I  have 
seen  it  in  Carroll  county  on  the  south  and  in  Kosciusko  County  to  the  northeast. 

Teconia  radicana  Juss.     Trumpet  Creeper.     Along  the  railroads. 

Rndlxa  cUima  Pursh.     In  sandy  soils,  frequent. 

Verhenu.  angu^ifolia  Michx.  Common  in  the  thin  wind-blown,  sandy  soils, 
often  ba re h' covering  the  underlying  limestone,  west  of  Logansport;  also  occurs 
sparingly  near  the  river.     Not  seen  at  the  lakes. 

P\fcnantkemum  laneeolatum  Pursh.  Mountain  Mint.  About  the  lakes,  fre- 
quent.    The  bruised  leaves  exhale  a  strong  odor  resembling  peppermint. 

Pyenanthemum  linifolinm  Pursh.  Common  in  dry,  sandy  soils  about  the  lakes. 
Scarcely  odorous. 

Calaminfha  NiUlallii  Gray.  On  wet  limestone  ledges  along  the  Wabash  River 
below  Logansport;  here  plentiful.  Not  seen  elsewhere.  Not  reported  in  Coul- 
ter's Catalogue  of  the  Plants  of  Indiana. 

SaUellan'a  galericu^ata  L.     Scullcap.     Frequent  near  water. 

Physosteyia  Virginiana  Benth.     False  Dragon  Head.     Frequent. 

Plantugo  Patagonica,  The  only  species  of  Plantago  observed  besides  P.  major 
and  P.  lanceolata  was  the  above,  or  a  variety  of  it.  It  grew  near  a  railroad  in 
Logansport. 

Polygonum  sagittatiim  L.  Arrow-leaved  Tear-thumb.  Occasional  in  wet 
places. 

Dirca  pcUuMris  L.  Leather- Wood.  Common  in  low,  moist,  drift  soil,  woods 
near  Logansport.     I  do  not  remember  seeing  it  in  the  sandy  soils  at  the  lakes. 

Comarufra  vmbeUata  Nutt.  Bastard  Toad-flax.  General  in  dry,  sandy  soils; 
common  east  of  Lake  Cicott. 

Euphorbia  dentata  Michx.  Abundant  in  one  locality,  at  the  base  of  a  lime- 
stone bluff,  west  of  Logansport.     Not  seen  elswhere. 
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UlmuH  fuli'a  Michx.  Slippery  Elm,  Red  Elm.  Is  a  common  forest  tree  in 
drift  soils,  often  very  large. 

Beiula  lenta  L.  Cherry  Birch,  Sweet  Birch.  Occurs  sparingly  in  the  tama- 
rack swamps  at  Oclong,  south  of  Lake  Maxinkuckee. 

Behda  pumila  L.     IjOW  Birch.     Not  rare  about  the  lakes. 

No  notes  on  Carya,  Quercus  or  Salix. 

ConifertF.  The  only  species  seen  were  of  Larix  and  Juniperus;  the  latter  is 
general,  but  nowhere  abundant.  Larix  Americana  Michx.  occurs  plentifully  in 
the  so-called  tamarack  swamps,  and  these  are  being  limited  more  and  more  in 
size  and  number. 

Orchids.  A  careful  search  was  made  for  orchids,  and  the  following  list 
gives  all  the  species  found  : 

Liparia  loeselii  Richard.  Tway-blade.  A  few  plants  on  a  moist  hillside 
south  of  Lake  Cicott.  The  plants  were  past  bloom  when  found,  and  a  dried 
specimen  was  compared  with  those  in  the  herbarium  of  Purdue  University. 

Spiranthen  cernua  Richard.     Rare ;  in  low,  moist  woods  south  of  Cicott. 

Godyerq  puhewens  R.  Br.  Rattlesnake  Plantain.  Rare ;  in  woods  southeast 
of  Cicott ;  plants  were  in  leaf  only. 

Otlopogon  puicheUus  R.  Br.     Common  in  swamps  about  the  lakes. 

Pogonia  ophioglonanideji  Nutt.     In  a  peat  bog  at  DeLong;  here  common. 

Habenarift  bractenta  R.  Br.  Rein-Orchis.  A  group  of  three  plants  found  in 
the  thin  sandy  woods  west  of  Logansport. 

Habenaria  lacera  R.  Br.  Ragged  Fringed  <  >rchis.  Two  plants  found  in  peat 
bog  with  Pogonia. 

Cypripedium  pubeftcens  Willd.  Large  Yellow  Lady's-Slipper.  Rare  in  the 
woods  southeast  of  Cicott ;  not  seen  elsewhere. 

Cypripedium  speetabile  Salisb.  Showy  Lady's-Slipper.  In  the  low  grounds  on 
the  southern  extremity  of  Lake  Maxinkuckee ;  rare. 

Cypripedium  acaule  Ait.  Stem  less  Lady's-Slipper.  Common  in  one  locality, 
a  small,  dense  tamarack  swamp  east  of  Monterey. 

AUtria  farinosa  L.  Star  Grass.  Very  rare ;  in  low  ground  on  the  edge  of  a 
woods  south  of  Cicott. 

AUiwn  ctmuum  Roth.  Wild  Onion.  Very  common  in  many  places  and  in 
all  kinds  of  situations.  Tall  and  showy  in  the  wet  meadows  and  swamps  east  of 
Lake  Cicott ;  less  showy  on  moist  limestone  ledges  on  the  Wabash ;  small  and 
stunted  in  crevices  of  dry  limestone  west  of  Logansport. 

Allium  Canndense  Kalm.     Wild  Garlic.     Lake  Cicott;  rare. 


129 

(  uiaasjiia  Fraseri  Torr.  Wild  Hyacinth.  In  drift  soils  in  the  valley ;  very  rare 
and  almost  extinct. 

MaiaiUhnnvm  Caiuideuse  Desf.  About  Lake  Maxinkuckee,  plentiful  in  a  few 
comparatively  dry  tamarack  swamps. 

Li/ium  Philndelphicum  L.  Wild  Orange-red  Lily,  Wood  Lily.  At  the  lakes; 
seldom  seen. 

Lilimii  Cauadfnse  L.     Wild  Yellow  Lilv.     With  the  last  and  rare. 

Medeola  Viryiniana  L.     Not  seen. 

Trillium  nivole  Rid.     Not  seen. 

ToMdia  glutinosa  Willd.     Swamp  east  of  Lake  Cicott;  rare. 

Mt'huithium  Vin/inieum  h.  Bunch  Flower.  With  the  last;  rare.  The  swamp 
about  one  mile  east  of  Lake  Cicott,  although  containing  only  a  few  acres,  is  re- 
markable for  the  number  of  rare  species  occurring  in  it.  Melanthium  and 
Totieldia  were  not  seen  elsewhere;  the  former  is  a  tall  plant,  not  readily  over- 
looked, while  the  latter  is  (juite  small. 

Tradejidintia.  The  form  with  smooth  leaves,  few  in  number,  is  very  common 
in  sundy  soils,  especially  east  of  Lake  Cicott,  and  blooms  early  in  the  spring.  The 
form  with  hairy  leaves  and  blooming  later  is  rare  and  was  seen  in  drift  soils  only. 

Pt'ltiindra  nmhilata  Raf.  X  few  plants  on  edge  of  tamarack  swamp,  east  of 
M(»nterav. 

Scheurhz/'ria  paluMris  L.  In  one  locality  only,  a  (leat  bog  south  of  DeLong; 
here  plentiful.     Not  in  Coulter's  Catalogue. 

Potamn<iHon».  No  notes.  P.  natans  is  common  in  the  Wabash  River,  with  a 
niirrow- leaved  form  resembling  P.  jxiunjioruK 

Xairni.  I  do  not  remember  seing  any  within  the  region  embraced  in  this 
paper.     (Have  seen  plants  in  Turkey  Lake,  in  Kosciusko  County.) 

Cui>eracea'.  Not  being  familiar  with  this  large  order,  I  have  not  given  it 
attention ;  my  few  notes  are  not  worth  reproducing. 

Pauicum  dandeMinnni  L.  (?)  Some  large  plants,  up  to  four  feet  in  height, 
with  slinging  hair,  occur  in  a  wet  meadow  on  the  edge  of  a  thicket  near  the  old 
canal,  three  miles  west  of  Logansport.  The  specimens  taken  were  not  in  bloom, 
and  hence  the  doubt  about  their  identity. 

Zizania,     Water,  or  Wild  Rice.     No  notes  on  its  occurrence;  absent? 

Alopecui-U  geniciUatua  L.  Var,  ariMatuluSj  Tovr,  A  few  plants  found  on  the 
dirt,  chieHy  peat,  thrown  out  in  making  a  ditch  through  the  tamarack  swamp 
south  of  Del^ong. 

Phragmit*'i<  eominunijf  Trin.  A  small  patch  occurs  near  the  southern  end  of 
Lake  Maxikuckee.     Stalks  8  to  12  feet  high. 
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Notes  on  Some  Phaneroc^ams  New  or  Rare  to  the  State.     By  W.  S. 

Blatchley. 

At  the  winter  meeting  of  this  Academy  in  1889,  I  presented  a  paper  entitled 
**8ome  Plants  New  to  the  State  List,"  in  which  seven  species  were  mentioned 
from  Monroe  County,  and  fourteen  from  Vi^o  County,  as  not  having  been  previ- 
ously recorded  in  any  published  list  of  Indiana  plants.  The  paper  was  severely 
criticised  at  the  time  by  one  or  two  members  of  the  Society,  the  species  being  said 
to  be  wrongly  determined  or  to  have  been  previously  mentioned.  My  ardor  for 
writing  botanical  papers  was  somewhat  quenched  by  this  criticism,  hut  time  has 
since  proved  that  all  identifications,  with  but  a  single  exception,  were  correct, 
and  no  previous  Indiana  record  for  any  one  of  the  remaining  twenty  species  has 
been  or  can  be  pointed  out. 

The  paper  in  question  was  never  published,  and  but  four  of  the  plants  therein 
mentioned  have  been  recorded  from  other  portions  of  the  State.  This  fact,  to- 
gether with  the  additional  one  that  I  have  in  my  note  books  numerous  records  of 
plants  taken  within  the  past  five  years  at  various  localities  in  the  State,  which,  if 
published,  would  greatly  extend  the  known  range  of  such  species,  has  led  to  the 
preparation  of  the  present  paper. 

In  it  the  stations  and  habitat  of  ninety-three  species  of  Indiana  plants  are  re- 
corded, and  brief  notes  are  in  many  instances  given  regarding  their  abundance, 
variations,  etc.  Of  these,  thirty-three  species,  including  thirteen  of  those  men- 
tioned in  my  1889  paper,  have  not  heretofore  been  recorded  in  print  as 
occurring  in  the  States  while  thirty-seven  have  been  recorded  from  but  one 
other  station  in  the  State,  and  that  in  almost  every  instance  distant  from  the  one 
in  which  it  has  been  collected  by  myself.  The  remaining  twenty-three  species 
have  not  been  recorded  from  more  than  tw^o  stations  in  the  State  and  they  in 
localities  widely  different,  as  "Jetterson  and  Lake  counties,"  or  "Gibson  and 
Noble  counties." 

Specimens  of  all  the  plants  mentioned  are  in  my  private  herbarium  or  in  that 
of  DePauw  I'niversity,  which,  in  1893,  came  into  possession  of  about  (500  species 
of  plants  collected  by  me.  Those  species  represented  in  the  DePauw  herbarium 
are  marked  with  an  asterisk  in  the  list  which  follows.  The  date  given  is  that 
upon  which  the  species  was  collected,  or,  where  collected  more  than  once,  the 
earliest  at  which  it  has  been  noticed  in  bloom.  The  nomenclature  and  arrange- 
ment are  those  of  the  new  ''Catalogue  of  the  Pteridophyta  and  Spermatophyta  of 
Northeastern  North  America,"  published  in  1894  as  a  memoir  of  the  T<»rrey 
Itotanical  Club.     Where  the  name  in  the  catalogue  mentioned  differs  from  that 
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in  (rray's  Manual,  (5th  Ed.,  the  name  used  in  the  latter  work  is  given  in  parenthe- 
sis as  a  svnonvni. 

1.     Jiotrifchium  ternatmn  obliquum  Milde.     Grape  Fern. 

Found  in  a  few  localities  in  Vigo  county.  Distinguished  from  the 
other  forms  of  the  species  by  its  height,  10  to  14  inches,  its  more  compound 
fruiting  portion,  and  the  oblong  divisions  of  the  sterile  segment,  which  are 
very  oblique  at  the  base. 

Recorded  in  the  State  Catalogue  from  Jefferson  county. 
*2.     Kfjuiiefum  jiunatile  L.     Swamp  Horse-tail. 

( E.  limosum  L. ) 
Found  abundantly  in  the  shallow  water  around  the  margins  of  the 
(toose  Pond  in  Vigo  county.     Not  given  in  the  State  Catalogue,  nor  in  any 
of  the  published  lists,  but  recorded  in  Botanical  Gazette  from  Lake  County. 

Mav  3. 
*3.     Pofamoi/efon  divemifoUnn  Raf.     Pond-weed. 

(P.  Ay&rtdii«  Michx.) 
Frequent  in  a  pond  south  of  Fair  Ground,  Vigo  county.     Oct.  3,  18S9. 
The  first  Indiana  record. 
'4.     Potomogeton  spintliu*  Tucker m. 

Occurs  sparingly  in  the  Five-Mile  Pond,  Vigo  county.      July  19. 
The  first  record. 
o.     Zannii'heUia  iMlustns  \j.     Horned  Pond- weed. 

This  species  grew  in  abundance  in  the  pond  south  of  the  blast  furnace 
at  Terre  Haute  in  the  years  1889-93.  The  surface  of  this  pond  seldom  froze 
in  winter  on  account  of  the  warm  stream  of  water  from  the  furnace  flowing 
into  it.  Since  the  furnace  shut  down  the  pond  has  dried  up  and  the  plant 
has  disappeared. 

The  first  record  for  the  State. 
*e).     Echinofhrti^  cordifoliiu  {L,)  Griseb.     Upright  Bur-head. 

{E.  rogtratuM  Engelm.) 
Several  acres  of  this  plant  grew  in  1890  on  the  site  of  Conover's  Pon<l. 
Vigo  county,  which  had  been  drained  the  previous  year. 

The  first  record,  its  range  being  given  in  Gray's  Manual,  sixth  edition, 
as  ''Illinois  to  Florida,  Missouri  and  Texas.'' 
7.     Panimm  autumnale  Bosc.     Diffuse  Panicum. 

Frequent  in  Vigo  county,  on  sandy  hillsides  and  banks  along  railways. 
Recorded  before  by  Higley  and  Raddin  from  the  ''sand  ridges  south  of 
Whiting,  Ind." 
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The  Howers  of  this  grass  are,  when  in  their  prime,  a  grayish-purple  in 
color,  and,  when  wet  with  dew,  reflect  the  morning  sunlight  in  a  peculiar 
and  pleasing  manner. 
8.     Panicum  minus  Muhl.     Wood  Panicum. 

A  specimen,  so  named  by  Mr.  Nash,  of  Columbia  University,  N.  Y., 
was  taken  from  a  dry  hillside  in  Hippie's  coal  mine  woods,  Vigo  county, 
where  it  is  fretjuent. 

The  first  record. 
\K     Panicum  puheseew  Lam.     Hairy  Panicum. 

Another  species  named  for  me  by  Mr.  Nash.  It  is  frequent  along  the 
T.  H.  <^  L.  Railway  in  Vigo  county. 

The  first  record. 
10.     HomcUorenehnis  lenticulaiHs  {'M.lchx.)  Scr'ihn.     Catch-fly  Grass. 

{Leersia  lenticular i^  Michx.) 

Taken  but  once,  October  6,  1893,  from  the  margin  of  Five- Mile  Pond, 
Vigo  county. 

The  first  record. 
*11.     Sporobolm  w^r  (Michx.)  Kunth.     Drop-seed  grass. 

Occurs  sparingly  along  sandy  banks  and  hillsides  in  Vigo  county. 
August  30. 

The  first  record. 
1 2.     Cyperua  speciosim  Vahl. 

Recorded  before  only  from  .Jefferson  county.  Taken  in  low,  sandy 
soil  in  Vigo  county,  where  it  is  scarce. 

Varies  much  in  size.     A  specimen  taken  at  Heckland,  October  14,  1896, 
had  six  umbels,  the  stalk  of  each  apparently  springing  from  the  surface  of 
the  ground,  and  the  whole  plant  but  2}  inches  in  height. 
18.     Eleockaris  capitaia  (L.)  R.  Br.     Spike  Rush. 

(irows  along  the  mucky  margins  of  the  Five-Mile  Pond,  Vigo  county. 
Identification  verified  by  N.  L.  Britton.  Recorded  before  in  *'  Botanical 
Gazette,"  VII,  3,  1882,  by  E.  J.  Hill,  from  a  slough  south  of  Whiting, 
Ind.,  and  described  by  him  as  new  under  the  name  of  E.  diitpar.  It  is  a 
plant  of  southern  range,  and,  up  to  the  time  of  Hill's  record,  it  had  not 
been  found  north  of  Florida  and  Texas,  except  west  of  the  Rocky  Mount- 
ains. It  probably  occurs  in  suitable  localities  throughout  the  western  half 
of  Indiana. 
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14.  Sttnophyllim  cajnUarxA  {\j.)  BrittoD. 

{Fimbi'Utjflig  eapiUaris  (Jray. ) 

Occurs  sparingly  in  Vigo  county,  along  sandy  banks  and  borders  of 
fields.     Recorded  before  from  Lake  countv. 

Grows  in  dense,  circular  tufts;  the  hair-like  stems  rarely  a  foot  in 
hight. 

15.  Wolffia  cohimhiana  Karst. 

Found  in  abundance  in  the  Goose  Pond,  Vigo  county,  in  1890. 
**  Stagnant  waters  in  the  northern  counties.*' — State  Catalogue. 
*1(>.     Medeola  virgmiana  L.     Indian  Cucumber  Root. 

(X?curs  on  high,  dry,  wooded  hills  in  Monroe  county,  in  company  with 
Micrmtylin  ophioglosaoidcA  Nutt.  and  Lycopodiitm  c&mplanatum  L.;  scarce. 
Recorded  in  B.  &  C.  Flora  from  Jefferson  and  Lake  counties. 

17.  Hahennria  liava  (L. )  A.  (Irav.     (Treenish  Orchis. 

(H.  riVfflrt/w  Spreng. ) 
Taken  in  some  dense,  damp  woods  near  Heckland,  Vigo  county,  June 
10,  1891. 

Recorded  before  from  Noble  countv. 

18.  AchrcHtnthes  unifolia  (Michx.)  Raf.     Adder's  Tongue  Orchis. 

( Microstylia  ophioglosnoidcit  Nutt.) 
A  single  specimen  was  taken  at  Coal  Creek,  Vigo  county,  Sept.  28, 
1.S93.  In  Monroe  county  a  number  of  specimens  were  secured  from  high 
hills,  where  they  were  found  in  company  with  MedeoUt  virginiana  L.,  Pogo^ 
nia  rerticiilata  Nutt.,  and  in  the  midst  of  clumps  of  the  mo^s  Polytrichum 
ronnnuiw  L.  Specimens  taken  by  the  writer  in  Arkansas  were  also  found 
on  high  hill?,  though  the  habitat  given  in  (iray's  Manual  is  "  low,  rnois 
ground." 

19.  Leptorchis  I'lii/olia  {L.)  Kuntze,    Twayblade. 

( Lipan8  Idiifolia  Richard. ) 
Rare  in  rich  woods  in  both  Monroe  and  Vigo  counties.     June  11. 

20.  Ijeptorchui  loeneiii  (L.)  "MticM,     Twayblade. 

(Lipuri^  loemlix  L.) 
A  number  of  specimens  were  taken  in  a  tamarack  swamp  in  Fulton 
county,  July  14,  1894. 

21.  HexalectrU  aphyllus  (Nutt.)  A.  Gray. 

Taken  by  the  writer  on  a  high  wooded  hill  two  miles  south  of  Wyan- 
dotte Cave,  Crawford  county,  July  2/),  189*). 
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The  first  Indiana  record,  the  range  in  both  the  Manual  and  Illnatrated 
Flors  being  given  as  ''  Kentackj  and  Miasonri  to  Florida  and  Mexico." 
*22.     Polygonum  arifolium  L.     Halberd>leayed  Tear-thumb. 

Scarce  in  Vigo  county;  in  ravines  and  along  borders  of  small  streams. 
Mentioned  in  my  paper  ''On  Plants  New  to  the  State  List,"  read  before  the 
Academy  in  1889.    Since  recorded  from  Steuben  and  Noble  counties. 
23.     Polygonum  emermim  (Michx.)  Britton. 

(P.  muhUnbergii  Watson.) 
Frequent  in  Vigo  county  along  sandy  margins  of  ponds.      Noted  be- 
fore in  Stenben  and  Lake  counties. 
*24«     Polygonum  ramoMttimum  Michx. 

Found  in  low,  sandy  ground  near  a  marsh  south  of  the  Fair  Ground, 
Vigo  county ;  scarce. 
The  first  record. 
25.     Chenopodium  bo9cianum  Moq. 

Taken  in  Vigo  county,  October  17,  1896,  in  open,  sandy  woods,  two 
miles  east  of  Terre  Haute. 
The  first  Indiana  record. 

The  flowers  much  smaller  than  in  allied  species;  on  slender  recurved 
branches;  the  black  seeds  easily  separated  from  the  enclosing  pericarp. 
*26.     Arenaria  tterpyllifolia  L.     Thyme-leaved  Sandwort. 

Occurs  sparingly  in  Vigo  county  in  low,  sandy  soil  about  the  margins 
of  several  of  the  larger  ponds.  Noted  in  the  list  of  Higley  &  Raddin  as 
being  found  in  Lake  county  and  by  Hesslar  (Proc.  Ind.  Acad.,  1893,  2o9) 
as  occurring  in  Fayette  county. 

27.  Anemone  earoliniana  Walt.    Carolina  Anemone. 

P'ound  in  Vigo  county  in  one  locality  on  a  wooded  hillside,  5)  miles 
north  of  Terre  Haute.  First  brought  to  my  notice  in  1894  by  Miss  Nora 
Arnold,  a  pupil  in  the  high  school.  She  stated  that  they  had  occurred 
abundantly  in  the  one  locality  for  12  or  thirteen  years  to  her  knowledge, 
and  how  much  longer  she  did  not  know. 

The  first  record,  the  Manual  range  being  '^  Illinois  to  Nebraska  and 
Southward." 

28.  Raniinculw  obtuftiiMciilus  Raf.     Water  Plantain  Spearwort. 

Noted  in  one  locality,  the  border  of  a  marnh  near  the  Goose  Pond, 
Vigo  county,  June  22,  189(). 

Recorded  from  Noble  county  by  Van  Gorder  under  the  name  of  jK.  oiw- 
maefoliuH  ( ieyer. 
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29.     Ranunculus  jnirshii  Richards. 

{R,  mnltifidH8  terrestris  Gray.) 
Occurs  sparingly   about   the  borders  of   the   Five-Mile   Pond,    Vigo 
County.     June  1. 
The  first  record. 
•30.     Dentaria  heterophylla  Nutt.     Diverse-leaved  Toothwort. 

Occurs  sparingly  in  Monroe  county  in  thickets  and  rich,  moist  woods. 
Recognized  as  a  distinct  species  in  the  new  Check  List.  Noted  as  such  in 
my  paper  read  before  the  Academy  in  1889,  though  Dr.  Coulter  in  his  list 
of  Jefferson  County  plants  stated  that  it  was,  in  his  opinion,  a  variety  of 
D.  laciniata  Muhl. 

In  Monroe  county  it  blooms  at  least  two  weeks  later,  and  no  connect- 
ing forms  were  noted.    Of  a  specimen  submitted  to  Dr.  Coulter,  he  wrote: 
**  It  looks  very  much  like  typical  D.  heterophylla  Nutt.,  and  is  as  near  it  as 
anything  I  have  seen  from  the  State.'' 
The  first  Indiana  record. 
*31.     Draba  caroliniana  Walt.     Carolina  Whitlow  Grass. 

Frequent  in  Vigo  county  along  the  banks  of  the  old  canal  and  on 
sandv  hillsides  near  it. 

One  of  a  MSS.  list  of  additions  to  State  Catalogue  furnished  ine  by 
Dr.  J.  M.  Coulter.     Locality  not  given. 
*32.     DeHcurainiapinTMta  (y^aXi.).     Britton.     Tansy  Mustard. 

{Digymbrium  eaneseens  Nutt. ) 
Frcipient  in  Vigo  county  along  the  gravelly  banks  of  railways  and 
canal.     Recorded  only  from  Tippecanoe  county.     April  20. 
•33.     Arabis  dentata  T.  and  G.     Toothed  Rock-Cress. 

Rare  in  Vigo  and  Monroe  counties,  along  gravelly  banks  or  rocky  hill- 
sides.    Recorded  before  from  Gibson  county.     May  3,  1891. 

34.  Arabia  hintuta  (L. )  Scop.     Hairy  Rock  Cress. 

Found  by  the  writer  in  Monroe,  Montgomery  and  Vigo  counties. 
Grows  along  rocky  hillsides. 

Recorded  by  Van  Gorder  as  being  scarce  in  Noble  county. 

35.  Senium  telephi aides  Michx. 

Collected  along  the  hillsides  at  Coal  Creek,  Vigo  county,  by  Dr.  H.  W. 
Kvermann  in  1889.  April  30.  The  State  Catalogue  record  is  ''Knobs," 
Clark  county. 
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*86.     Pfuiwssia  caroliniana  Michz.     Grass  of  Parnassus. 

This  species  was  recorded  by  Stanley  Coulter,  Proc.  Ind.  Acad.  Sci., 
1894,  105,  as  being  found  in  Noble  and  Kosciusko  counties,  the  latter 
record  being  based  on  a  8i)ecimen  collected  by  the  writer,  now  in  DePanw 
herbarium.  It  has  since  been  noted  by  myself  at  Lake  Maxinkuckee, 
Marshall  county,  and  in  a  marsh  on  the  banks  of  White  River  one  mile 
south  of  Broad  Ripple,  Marion  county. 
37.     OpuloAter  apulifolius  (L,)  Kunize.     Nine-Bark. 

( Physocarpa  opulifolia  Raf . ) 
Recorded  in  the  State  list  from  Gibson,  Jefferson  and  Monroe  counties. 
This  handsome  Howering  shrub  has  been  noted  by  the  writer  as  grow* 
ing  plentifully  on  the  banks  of  White  River  below  Broad  Ripple,  Marion 
county,  and  on  the  banks  of  the  Wabash  just  south  of  the  city  of  Wabash, 
Wabash  county.     It  has  also  been  recorded  from  Wayne  and  Lake  coun- 
ties, so  that  its  range  undoubtedly  includes  the  whole  State. 
•38.     Genm  macrophyllum  Willd. 

Taken   in  the  borders  of  rich  open   woods  two  miles  east  of   Terre 
Haute,  Vigo  county,  June  2(),  18*,**J. 
The  first  Indiana  record. 
*39.     Sanguisorba  canadensis  L.     Canadian  Burnet. 

(Polerium  canadense  Benth.  and  Hook.) 
Occurs  along  the  borders  of  ditcher  and  damp  virgin  prairies  near 
Heckland,  Vigo  county.     In  Hower  from  August  10  to  October  20. 

The  first  Indiana  record,  the  range  of  Manual  being  "  Newf.  to  moun- 
tains of  Georgia,  west  to  Michigan.*' 

40.  Trifotium  rejlejum  L.     Buffalo  Clover. 

Rare   in   Vig^  county,   along  open   sandy    hillsides   and    borders   of 
prairies.     Heretofore  noted  from  Marion  county.     May  28. 

41.  Amorphafruticosa  L.     False  Indigo.     River  I^ocust. 

Frequent  along  the  bed  and  sides  of  the  old  canal  both  north  and  south 
of  Terre  Haute,  and  as  far  north  as  Montezuma,  Parke  county. 
Recorded  from  (tibson. 

42.  Polenta  pitcheri  (T.  t^  G.)  Kuntze.     Large-leaved  Hog  Peanut. 

{Amph\carp(ta  pitcheri  T.  <&  G.) 
Found  Hparingly  ahmg  damp  hillside  thickets  in  Vigo  county. 
The  first  Indiana  record. 
LeaHets  much  larger  than  in  F.  comosa  L.,  the  blade  often  more  than 

3  inches  long;  pods — ten  or  more — lA  inches  long,  borne  on  a  long,  hairy 

rnchis;  seeds,  o  mm.  in  length. 
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*43.     Polyfjala  pofygama  Walt.     Pink  Pbljg^la. 

Vigo  county,  in  smaU  nomben,  along  the  Vandalia  Railway,  one  mile 
east  of  Terre  Haute. 

Recorded  before  from  Lake  and  St.  Joseph  counties. 

44.  Euphorbia  heteropkylla  L. 

Occurd  in  Vigo  county,  along  the  banks  of  old  canal  near  Five-Mile 
Pond. 

The  first  Indiana  record. 

The  pods  of  this  and  allied  species,  when  dry,  hurst  open  with  a  snap- 
ping or  crackling  noise,  and  project  the  seeds  to  a  distance  of  several  feet. 

45.  CallUriche  heJerophpUa  Pursh.     Water  Starwort. 

Vigo  county,  in  ponds;  frequent.     April  30. 
Recorded  from  Gibson  county. 
40.     lihuA  aromatiea  Ait.     Fragrant  Sumach. 

(Rhus  eanudenais  Marsh.) 
Recorded  in  the  State  list  from  Jefferson  and  Lake,  the  two  extremes 
of  the  State.     Taken   by  the  writer  in   Monroe   and  Crawford   counties. 
(tfows  on  rocky  hillsides  along  streams. 
47.     Rhamnw*  carolininna  Walt.     Carolina  Buckthorn. 

A  RJirub  or  small  tree  of  southern  range  which  occurs  as  far  north  as 
Crawford  and  Harrison  counties,  Indiana,  where  it  was  first  noted  by  the 
writer  November  5,  1896.  Straggling  in  habit;  10  to  20  feet  high,  with 
peach-like  leaves,  glossy  green  above;  bark  smooth  and  light  colored;  the 
wood  bright  yellow;  fruit,  a  black  drupe  resembling  a  cherry.  Hillsides 
along  Blue  River  near  Wyandotte  cave,  and  roadsides  between  there  and 
(\)rydon;  scarce.  The  first  Indiana  record,  the  Manual  range  being '' N. 
J.,  Va.  to  Ky.  and  southwest." 
4s.      Hibiacim  lasiocurpuM  Cav. 

(Jrows  in  prairie  swamp  near  Heckland,  Vigo  county. 
Recorded  before  from  Gibson. 
*4l^.     Hibiiciis  mUitarut  Cav.     Halberd-leaved  Rose  Mallow. 

Fre(|uent  along  the  sandy  banks  of  old  canal  between  Ft.  Harrison, 
Vigo  county,  and  Montezuma,  Parke  county.     ''  Knobs,"  and  Jefferson 
county  are  the  two  previous  records.     July  10. 
*  50.     Huperieum  aacj/ron  L.    Great  St.  Johnswort. 

Banks  of  larger  sUmimB  in  Monroe  and  Putnam  counties;  scarce. 
Mentioned  in  my  1889  paper.  Since  recorded  from  Noble  county  by  Van 
Gorder. 
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51.  Hypericum  densiflorum  Pursh. 

Found  on  edge  of  river  bank  in  woods  just  below  Ft.  Harrison,  Vigo 
county,  Oct.  12,  1896. 

The  first  record  for  Indiana;  the  Manual  range  being  ''Pine  barrens 
of  N.  J.  to  glades  of  Kj.,  Ark.  and  southward.'' 

52.  Helianihemum  canadense  {L,)  Michz.     Frost- weed;  Rock-rose. 

Vigo  county,  on  a  sandy  hillside  near  Five-Mile  Pond ;  frequent 
locally.     May  28. 

Recorded  from  the  sand  hills  of  Lake  county ;  also  from  Noble. 
*53.     Viola  Uineeolata  L.     Lance-leaved  Violet. 

Margins  of  Goose  Pond  and  moist  prairies  at  Heckland,  Vigo  county. 
April  16. 

The  previous  records  are  Lake  and  Jefferson  counties. 
•54.     Bctaia  ramcsior  (L.)  Kcehne. 

Vigo  county,  in  ditches  and  along  margins  of  ponds;  scarce. 
Jefferson  and  Clark  counties  are  its  previous  records. 
*65.     Ammannia  coecinea  Rottb.     Ammannia. 

{Ammannia  IcUifolia  L.     Gray's  Manual,  5th  ed.) 
Noted  in  both  Vigo  and  Monroe  counties;  scarce  in  the  latter.     Aug. 
10  to  Oct.  20. 

Recorded  from  Gibson. 
66.     Decodon  vertieiUatvs  (h.)  Ell.     Swamp  Loosestrife. 

{NesaxL  vertiriUata  HfiK.) 
Occurs  rarely  in  Monroe,  Vigo  and  Marshall  counties. 
Recorded  in  State  Catalogue  from  "Gibson  and  Posey.     Rare."     Re- 
corded since  from  Noble  and  Steuben.     It  therefore  probably  occurs  in 
suitable  localities  throughout  the  State. 

57.  CEnothera  sinuata  L. 

Vigo  county,  about  the  borders  of  a  sandy  cultivated  field  near  Ft. 
Harrison;  scarce.     May  14,  1891. 

Probably  a  railroad  migrant  from  the  South,  the  Manual  range  being 
"N.  J.  to  Fla.,  west  to  E.  Kansas  and  Texas." 

The  first  Indiana  record. 

58.  Mynophyllum  ferticiiUUnm  L.     Water  Milfoil. 

Ponds  of  Vigo  County ;  scarce.     May  2. 

Mentioned  without  note  in  the  Steuben  County  Flora. 
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59.     EulophiM  amerieanuB  Nutt. 

Borders  of  damp  prairie,  near  Hecklaod,  Vigo  County ;  scarce.  Octo- 
ber 5,  1889. 

Recorded  from  Gibson  County. 
*60.     Comut  circinaia  L'Her.     Round-leaved  Dogwood. 

Borders  of  open,  moist  woods  four  miles  southeast  of  Terre  Haute; 
scarce.     May  8. 

Recorded  from  Lake  County. 
61.     Hypopitys  hypopityt  (Li.)  SmmU,     Pine-sap.     False  Beech -Drops. 

Found  on  high,  dry  wooded  hillsides  in  both  Monroe  and  Vigo  coun- 
ties ;  rare.  A  specimen  taken  in  Monroe,  June  30,  1886,  had  the  raceme 
21  flowered. 

Recorded  from  Jefferson  and  Noble  counties. 

*62.     Gentiana  andrewsii  aibijlora  Britton.     White  Qentian. 

(Gen/tana  cUba  Muhl.) 
Grows  in  one  locality  in  Vigo  county,  a  wooded   hillside  north  of 

Terre  Haute  near  the  Five-Mile  Pond ;  scarce.     September  23,  1888. 
Tippecanoe  and  Noble  counties  are  its  other  State  records. 
*63.     Gentiana  saponaria  L.     Soapwort  Gentian. 

Vigo  county  along  the  borders  of  prairies;  scarce.     September  15. 
Its  previous  State  record  is  Lake  county. 
*64.      Obolaria  virginica  L. 

Collected  on  several  occasions  in  both  Monroe  and  Vigo  counties,  but 
rare  in  each.  Three  plants,  taken  in  doors  by  Prof.  Evermann  on  Janu- 
ary 26,  bloomed  on  February  11. 

Its  other  State  record  is  Clifty  Falls,  Jefferson  county. 
•65.     Phlox  bifida  heiiV.     Dwarf  Phlox. 

In  the  State  Catalogue  this  species  is  said  to  be  "common  in  Tippe- 
canoe.''   It  has  been  taken  by  me  in  both  Vigo  and  Monroe  counties;  in 
the  former  being  very  common   on   the  sandy  hillsides  north  of  Terre 
Haute.     April  7. 
66.     Hydrophylliim  eanaderuse  L.     Canada  Waterleaf. 

Noted  heretofore  from  Jefferson  and  Laporte  counties.     It  occurs  also 
sparingly  on  the  sides  of  deep  wooded  ravines  in  both  Monroe  and  Vigo 
counties. 
*67.     Maciocalyr  nyrteUa  (L.)  Kuntze.     EUisia. 

(Elliaia  nyeteUa  L. ) 
Rare  in  Vigo  county,  having  been  taken  but  once  from  a  damp  spot 
in  sandy  open  woods,  two  miles  east  of  Terre  Haute.     May  25. 
The  first  Indiana  record. 
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68.  Cunila  organoides  (L.)  Britton.     Common  Dittany. 

( Cunila  mariana  Lh) 
Occurs  frequently  on  the  summits  of  dry  rocky  hills  in  Monroe  county. 
June  20. 

Recorded  in  the  State  Catalogue  from  the  ''  Knobs.'' 

69.  Synnndra  kispidula  (Michx.)  Britton.     Large-flowered  Mint. 

(Synandra  grandiflora  Nutt.) 
Taken  by  the  writer  in  Monroe,  Putnam,  Vigo  and  as  far  north  as  Wa- 
bash county,  though  its  range  is  given  in  the  Barnes  <&  Coulter  Flora  as 
'*  Banks  of  the  Ohio  and  its  tributaries."     May  25. 
•70.     Stachys  cordata  Riddel  1.     Heart-Jeaved  Fledge  Nettle. 

Borders  of  damp  upland  thickets  in  Vigo  county ;  scarce. 
"Jefferson  and  Gibson"  are  its  previous  records. 

71.  Trichostema  dichotomum  L.     Blue  Curls.     Bastard  Pennyroyal. 

Discovered  by  Professor  Evermann,  September  1,  1889,  in  sandy  soil 
on  the  banks  of  the  Wabash  River  south  of  Terre  Haute,  Vigo  county. 

A  species  of  southern  range,  probably  introduced  in  the  past  by  the 
commerce  of  the  river. 

Its  first  ludiana  record. 

72.  OrcUiola  sphterocarpa  Ell.     Hedge  Hyssop. 

Taken  in  both  Monroe  and  Vigo  counties;  scarce.     April  80. 
In  the  State  Catalogue  recorded  from  '^  Barrens  of  Southern  Indiana.'' 
*73.      Wulfenia  houghtoniana  (Benih.)  Greene. 

(Synthyns  koughtoniana  I^nth.) 
Found  in  one  locality  on  sandy  hillside  one-half  mile  southeast  of  Five- 
Mile  Pond,  Vigo  county,  where  it  was  uncommon. 

** Tippecanoe  and  northward"  is  the  only  previous  record. 

74.  Afzdia  macrophyila  ( Nutt. )  Kuntze.     Mullein  Foxglove. 

[Seymeria  maerophylla  Nutt.) 
On  dry  hillsides  in  Montgomery,  Putnam  and  Vigo. 
"  Near  the  Ohio  and  Wabash  "  was  recorded  in  the  Barnes  and  Coulter 
Flora. 

75.  Orobanche  Iwlovicana  Nutt.     Broom-rape. 

{Aphyllon  ludovi4^ianum  Gray.) 

Banks  of  Wabash  River  near  brick  yards  above  Terre  Haute,  Viga 
county;  frecjuent  locally.  Parasitic  on  the  roots  of  the  Great  Horse-weed, 
Amhroata  trifida  L.     Discovered  by  Prof.  Evermann  October  2,  1889. 

The  first  Indiana  record,  its  Manual  range  being  '*  Minnesota  to  Illi- 
nois and  Texas." 
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76.  Plantago  aristata  Michx. 

{Plantago  -palagimica  aritiaUi  Gray.) 
Evansville  <&  Terre  Haute  Railway  and  canal   hanks  south  of  Terre 
Haute,  Vigo  county;  scarce.     June  24,  1888. 
The  first  record  for  the  State. 

77.  Viburnum  moUe  Michx. 

Found  along  the  fence-rows  and  margins  of  dry  upland  prairies  below 
Youngstown,  Vigo  county;  scarce. 

The  leaves  larger,  more  rounded,  thicker  and  more  soft  and  downy  than 
those  of   V.  dentcUum  L. 

Recorded  from  Jefferson  county. 
77a.      Willoughbya  scandena  (h,)  Kunize.     Climbing  Hemp-weed. 

( Mikania  Kandens  L. ) 

A  handsome  twining  member  of  the  Compositae. 

Found  in  abundance  covering  the  shrubs  growing  south  of  the  wagon 
bridge  across  Sandy  Hook  creek,  five  miles  east  of  Hebron,  Porter  county, 
September  21,  1897. 

Recorded  before  from  (Hbson  county  by  Dr.  Schneck.  Manual  range, 
"  E.  New  Kng.  to  Ky.  and  southward." 

78.  iMciruiria  spicdta  (L.)  Kuntze. 

(LicLtria  apicata  Willd. ) 
Virgin  prairies  near  Heckland,  Vigo  county;  scarce.     Au^.  17. 
Recorded  from  Jefferson  and  Lake. 
*7\K     (^hrysoptin  riY/cwa  (Pursh)  Nutt.     Golden  Aster. 

Along  the  sandy  banks  of  the  old  canal  between  Ft.  Harrison  and  Five- 
Mile  Pond,  Vigo  county. 

The  first  record  for  the  State,  its  range  being  given  as  "  Wisconsin  to 
Kentucky  and  westward." 
80.     Sotiduffo  miora  Ait.     Sweet  Golden-rod. 

Near  Heckland,  Vigo  county,  from  borders  of  prairies;  rare.  Sept.  1'). 
Recorded  before  only  from  Gibson  county,  by  Dr.  Schneck,  who,  accord- 
ing to  State  Catalogue,  ^^was  inclined  to  doubt  this  species."  Dr.  J.  M. 
Coulter,  to  whom  my  specimen  was  sent  for  verification,  noted  it  as  ^' a  good 
find,"  so  that  it  must  be  rare  in  the  State.  It  ist  regarded  as  a  valid  s|iecies 
by  the  authors  of  the  Catalogue  of  the  Flora  of  Northeastern  North  America. 
*81.     Solidago  rigidiuaeula  (T.  &  G.)  Porter. 

(Solidago  apeeioaa  anguatata  T.  &  G. ) 
Clearings  and  borders  of  prairie  at  Heckland,  Vigo  county.       Sept.  5. 
The  first  Indiana  record. 
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*82.     Solid/ago  serotina  Ait. 

In  woods  along  the  borders  of  the  Wabash  River  below  Ft.  Harrison, 
Vigo  county ;  frequent  locally. 

Recorded  from  Jefferson  county.     Sept.  8. 
*83.     Solidaffo  speeioda  Nutt. 

One  of  the  most  handsome  of  the  Grolden-rods.      Grows  plentifully  in 
the  prairie  at  Heckland,  Vigo  county.     Aug.  25. 
The  first  Indiana  record. 

84.  Euihamia  oaroliniana  (L.)  Greene.     Slender-leaved  Golden-rod. 

{Solidago  ienui/olia  Pursh. ) 
Frequent  in  Vigo  and  Monroe  counties;  along  shaded  banks,  usually 
in  sandy  soil.     Aug.  21. 

Noted  before  from  Jasper  county. 

85.  Serieoearpus  Unifolius  (L.)  B.  8.  P. 

(Stricoearjms  $olida^neus  Nees. ) 
Borders  of  prairies  at  Heckland,  Vigo  county,  where  it  is  scarce. 
Recorded  from  Floyd  county  in  B.  &  C.  Flor^ 
*86.     Aster  drummondii  Lindl.     Drummond's  Aster. 

Low  open  pastures  and  prairies ;   frequent  in  Vigo  county.     The  first 
record  for  the  State,  its  range  being  given  by  Gray  as  '^  Illinois  to  Minne- 
sota  and  Kansas. '^ 
*87.     Aster  ericoides  L.     Heath-like  Aster. 

Fence  rows  and  old  fields,  in  open,  dry  soil.  Common  in  Monroe, 
scarce  in  Vigo  county. 

Recorded  in  B.  &  C.  Flora  only  from  Jefferson. 

88.  Aster  liruiriifolius  L.     Double  Bristled  Aster. 

On  dry,  sandy  hillside  near  Five-Mile  Pond,  Vigo  county ;  scarce. 
Also  near  Miller's,  Lake  county. 

Recorded  in  the  State  Catalogue  from  the  ** Knobs"  under  the  name 
of  Diplopappus  linariifolius  Hook. 

Readily  known  by  the  shortness  of  the  stems,  which  grow  in  clumps, 
and  by  the  rigid  linear  leaves.     Heads  large  and  showy. 

89.  Ajnbrosia  biderUata  Michx.     Two-toothed  Ragweed. 

Roadsides  and  borders  of  cultivated  fields  between  Glen,  Vigo  county, 
and  Staunton,  Clay  county;  common  locally.  First  noted  August  23,  1895. 
The  first  record  for  the  State,  its  Manual  range  being  *' Prairies  of  Illinois, 
Missouri  and  Southward." 
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90.     Bidens  trichospemia  (Michx.)  Britten.     Tickseed  SuDflower. 

(Coreopsis  triehoaperma  Michx.) 
Occurs  sparingly  in  Monroe  county  in  swamps  along  the  bottom  lands 
of  Bean  Blossom  Creek.     August  10,  1886. 

Recorded  in  B.  &  C.  Flora  from  Jefferson  county. 
91,.     Hyvienopappus  carolinienais  (Lam.)  Porter. 

{H,  8eabio8(eus  L'Her.) 
Found  sparingly  on  the  side  of  a  sandy  ridge  northeast  of  Seventh 
Street  Bridge  across  Lost  Creek,  Vigo  county.     May  31,  1890. 

The  first  record  for  the  State,  its  range  being  given  in  the  Manual  as 
''  Illinois  and  Southward." 
92.     Seiie^io  lobattu  Pers.     Butterweed. 

Taken  on  several  occasions  in  1891  and  1892  from  low,  damp  places 
about  ponds  and  ditches  in  Vigo  county.     The  first  Indiana  record,  its 
Manual  ran^e  being  ''North  Carolina  to  Southern  Illinois,  Missouri  and 
Southward." 
98.     Lacttuut  hirsula  Muhl.     Hairy  Wild  Lettuce. 

(La/Uuea  sanffuinea  T.  &G.) 
Borders  of  prairies  and   dry,  sandy  fields  in  Vigo  county;    scarce. 
Reconled  from  Gibson  county  by  Dr.  Schneck. 


Periodicity  of  Root  Pressure.     By  M.  B.  Thomas. 

Tlie  fact  that  the  roots  of  plants  absorb  water  and  force  it  up  through  the 
stem,  producing  bleeding  whenever  the  stem  is  injured,  was  discovered  by  Hales 
in  1721,  and  since  that  time  numerous  investigators  have  examined  this  phenom- 
enon of  root  absorption  in  a  more  or  less  exhaustive  way  until  we  have  to  con- 
cern ourselves  only  with  an  inquiry  into  its  daily  variations  and  see  if  there  is 
not  some  law  governing  the  changing  phenomenon  that  will  give  us  a  more  com- 
plete insight  into  this  important  physiological  problem  in  plant  growth. 

The  general  matter  of  the  periodicity  of  root  pressure  in  forcing  water  through 
stems  in  opposition  to  gravity  was  studied  by  Sachs,  and  his  observations  form  a 
basis  for  our  present  work.  He  made  experiments  regarding  the  time  of  maxi- 
mum and  minimum  pressure  with  a  few  common  plants,  and  his  results  are  too 
well  known  to  need  extended  description.  The  conclusions  of  his  experiments 
have  been  to  fix  the  time  of  maximum  pressure  at  9-11  a.  m.,  with  a  decrease 


144 

through  the  p.  m.  and  early  night,  when  a  minimum  was  reached.  After  this  the 
pressure  increased  until  it  attained  the  maximam  during  the  following  a.  m. 
Sachs  further  showed  that  the  periods  of  maximum  and  minimum  pressure  were 
independent  of  small  variations  in  temperature. 

The  work  of  Sachs  was  done  by  the  use  of  crude  instruments  that  required 
constant  attention,  and  it  seemed  that  an  instrument  of  precision,  making  auto- 
matic records,  would  enable  one  to  add  something  to  the  work  already  done  on 
the  subject  of  root  pressure.  In  1890  a  rude  instrument  was  made  of  wood  and 
iron,  and  some  few  experiments  conducted  on  the  subject.  Later  a  machine  of 
more  accurate  working  was  constructed  at  the  college  workshop  in  Crawfordsville, 
and  this  formed  a  pattern  for  the  one  made  at  Lafajette  under  the  supervision  of 
Dr.  Arthur.  In  the  evolution  of  the  apparatus  to  its  present  condition  changes 
have  been  introduced  that  brings  the  machine  into  a  form  easily  used  by  the 
average  student  and  capable  of  giving  accurate  results. 

For  our  work  on  the  subject  of  root  pressure  many  plants  were  grown  from 
seeds  in  the  greenhouse,  and  were  used  when  the  stems  were  4-o  mm.  in  diameter. 
With  those  plants  secured  from  out  of  doors  or  at  other  green  houses,  they  were 
brought  in  weeks  before  the  experiments  and  given  ample  time  to  adjust  them- 
selves to  any  changes  in  their  surroundings.  The  results  show  that  the  latter 
plants  corresponded  in  their  records  with  those  grown  in  the  green  house  from 
seeds.  For  the  experiments  the  attachment  of  the  plant  to  the  machine  was 
made  in  the  usual  way  under  water,  and  the  apparatus  placed  on  an  iron  pier  to 
prevent  jarring.  The  records  of  temperature  were  made  by  a  self-recording  ther- 
mometer. The  clock  used  in  the  root  pressure  machine  would  run  for  eight  days, 
and  an  experiment  when  properly  started  needed  no  attention  until  its  comple- 
tion, or  until  the  time  when  the  pressure  was  insofficient  to  show  itself  on  the 
rods  of  the  instrument.  The  increasing  weight  of  the  column  of  mercury  usually 
produced  this  result  in  4-5  days.  The  smoked  rods  with  the  record  of  the  peri- 
odicity were  placed  on  sensitive  paper,  and  the  lines  printed  for  permanent  pres- 
ervation. Temperature  cards  were  preserved  along  with  these  for  comparis^m. 
The  plants  experimented  upon  were  fuchsia,  bean,  geranium,  grape,  sunflower, 
tomato,  etc. 

Occasionally  upon  the  attachment  of  the  plant  a  decided  negative  pressure  in 
the  Item  would  be  observed.  This  was  especially  noted  in  the  |[rapevine  growing 
out  of  doors,  where  the  records  were  made.  The  negative  preature  was  so  great 
that  the  water  and  part  of  the  mercury  were  pulled  down  into  the  stem  and  the 
IMurticlet  of  mercury  could  be  found  in  the  ducts  upon  splitting  the  twigs  an  inch 
or  more  from  the  top,  where  the  attachment  was  made.     This  phenomenon  waa 
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observed  by  Sachs,  and  is,  no  doubt,  due  to  the  fart  that  where  active  transpira- 
tion is  going  on  no  root  pressure  exists,  but  transpiration  or  other  current  do  not 
permit  the  ducts  to  become  filled  with  water,  but,  rather,  they  contain  rarified  air 
that  allows  the  water  poured  in  on  top  of  the  cut  surface  to  be  drawn  down  in 
the  stem. 

A  study  of  the  records  warrant  the  following  general  statements  regarding 
the  relation  between  temperature  and  root  pressure:  Under  usual  conditions 
there  can  be  no  relation  between  the  periodicity  of  root  pressure  and  the  daily 
variations  in  temperature,  the  latter  being  between  50°  F.  and  90°  F.,  as  determ- 
ined in  the  course  of  the  experiments.  Even  where  the  periods  of  maximum  and 
minimum  temperature  were  reversed  in  the  test,  and  the  reverHed  condition  con- 
tinued for  several  successive  days,  no  appreciable  effect  was  noticed  in  the  period- 
icity of  root  pressure. 

The  changes  in  temperature  above  or  below  certain  limits  may  alter  the 
regularity  of  the  times  of  maximum  and  minimum  pressure  periodicity,  but  do 
not  interfere  with  the  main  cycles  of  greater  or  less  pressure. 

The  time  element  is  the  all  important  one,  and  for  most  plants  the  perio<l  of 
maximum  pressure  is  12  m.,  with  the  limits  between  9  a.  m.  and  1  p.  m. 

No  appreciable  difference  exists  between  the  times  of  maximum  pressure  in 
the  variety  of  plants  studied  and  certainly  none  whatever  in  a  large  number  of 
specimens  of  the  same  species  even  though  they  may  have  been  grown  under 
different  conditions. 

The  age  of  the  plant  seems  to  make  no  difference  in  the  times  of  maximum 
and  minimum  periodicity  or  its  general  behavior  in  the  experiment,  except,  as 
would  he  expected,  a  large  and  vigorous  plant  shows  more  difference  between  the 
amount  of  maximum  and  minimum  pressure  than  a  small  and  less  vigorous  one. 

In  different  genera  marked  differences  exist  as  to  the  maximum  amount  of 
root  pressure  and  in  some  it  is  so  small  that  at  no  time  can  it  be  measured  except 
with  great  difficulty. 

The  amount  of  water  present  in  the  soil  within  certain  limits  does  not  affect 
the  time  of  periodicity  or  amount  discharged,  but  in  very  dry  soil,  where  the  roots 
become  wilted,  changes  are  evident  as  the  result  of  the  loss  of  the  turgidity  of  the 
root. 

A  consideration  of  the  relation  between  root  pressure  and  the  other  phe- 
nomena in  living  plants  will  be  interesting  in  this  connection.  With  regard  to 
its  relation  to  transpiration,  the  latter  can  not  be  explained  by  the  former,  since, 
at  the  most,  it  is  not  sufficient  to  lift  the  water  above  80-90  feet.  Root  pressure 
furnishes  only  a  part  of  the  water  used  in  transpiration,  as  was  shown  by  our  own 
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and  previous  experiments,  ^  and  no  root  pressure  was  found  in  plants  during  rapid 
transpiration.  The  time  of  greatest  transpiration  seems  to  bear  no  relation  to  the 
time  of  greatest  or  least  root  pressure,  and  changes  in  temperature  that  affect  the 
former  do  not  influence  the  latter  to  any  deg^ree. 

Where  no  transpiration  is  going  on  the  root  pressure  may  produce  sufficient 
pressure  in  the  plants  of  medium  height  to  force  the  water  out  through  the  water 
pores  of  the  leaves,  or  in  some  cases  producing  blistering  in  the  tissues  of  the  stem, 
as  in  the  well-known  case  of  the  Oedema  of  the  tomato. ' 

The  relation  of  the  root  pressure  with  growth  does  not  warrant  any  statement 
•tui  to  the  influence  of  one  upon  the  other.  The  time  of  either  the  maximum  or 
minimum  periods  of  each  do  not  correspond,  and  changes  in  temperature  that  af- 
iect  growth  produce  no  changes  in  the  constancy  of  the  root  pressure. 

Studies  regarding  the  relation  between  root  pressure  and  assimilation  show 
all  negative  results,  and  the  changes  producing  variations  in  the  latter  have  no 
effect  on  the  former.  The  same  may  be  said  of  the  relation  between  root  pressure 
and  respiration. 

In  view  of  these  facts  we  are  warranted  in  the  following  general  conclusions. 

The  periodicity  of  root  pressure  seems  to  be  inherent  in  the  plant,  and  has 
either  been  acquired  by  previous  adaptation  to  environments,  or  as  the  results  of 
the  action  of  some  constant  or  periodic  changes  in  the  plant.  As  with  the 
periodicity  of  growth  and  other  periodic  phenomena  it  does  not  always  follow 
that  a  periodic  change  has  not  been  produced  by  some  constantly  or  continuously 
acting  agent. 

Root  pressure  does  not  seem  to  have  any  relation  to  the  previous  periodicities 
of  the  vital  activities  of  the  plant  when  the  top  was  connected  with  the  roots. 

The  measure  of  the  root  pressure  seems 'to  be  the  osmotic  activity  of  the  root 
hairs,  and  is  probably  due  to  the  presence  of  organic  acids  and  other  substances 
in  the  rhizoids  that  show  great  aflinity  for  water.' 

Although  the  organic  acids  increase  in  the  cells  at  50°-60°  F.,  yet  their  in- 
crease does  not  seem  to  make  any  appreciable  difference  in  the  periodicity. 
This  is  true  even  when  the  temperature  of  the  soil  is  brought  up  to  55°  F.,  ap- 
proaching the  time  of  minimum  pressure. 

The  fact  that  seems  inexplicable  is  that,  when  the  temperature  is  raised  above 
the  point  where  the  organic  acids  decompose  (60°  F.)  *in  most  plants,  the  roots 
may  show  an  increase  in  their  osmotic  activity  at  the  daily  period  of  maximum 


»DeVric8,  Arh.  Lea.  But.  Inst.  (I?.  I  ,  p.  228). 
'Atkinson,  G.  F.,  Bull.  Cornell  Exp.  Stati«»n,  No.  S^.  1893. 
=»DeVrioJ«,  Bot.  Zeitung,  1877,  S.  1-10. 
*PeVrief,  Bot.  ZeitunR.  18X;i.  S.  85(). 
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pressure.  The  absence  of  a  top  to  the  plant,  and  its  consequent  loss  of  periods  of 
maximum  and  minimam  oxidation,  which  are  the  real  causes  of  the  yariation  in 
the  quantity  of  organic  acids  in  the  cell,^  ^may  be  the  reason  for  the  failure  to 
produce  the  expected  results.  The  time  of  periodicity  of  root  pressure  is  con- 
stant in  the  same  genus,  but  some  species  may  show  greater  absolute  pressure  than 
others.  This  may  be  due  to  accidents  in  growth,ietc.  The  fact  of  the  periodicity 
of  root  pressure  seems  to  be  established  beyond  the  possibility  of  a  doubt,  and  capil- 
arity  and  similar  phenomena,  as  suggested  by  Prof.  C.  B.  Clark  ^  and  others,  can 
not  account  for  the  facts  observed. 


Notes  on  the  Flora  of  the  Lake  Region  of  Northeastern  Indiana. 

By  W.  W.  Chipman. 

A  glance  at  any  map  of  Indiana  showing  the  lakes  and  marshes  will  convince 
one  of  their  special  abundance  in  the  north  part  of  the  State;  and  many  more 
will  be  observed  in  the  northeastern  counties  than  in  the  northwestern. 

In  the  Fifteenth  Report  of  the  State  Geologist  of  Indiana^,  Dr.  John  M. 
Coulter  divides  the  State  into  seven  botanical  regions,  one  of  which  he  calls  the 
'*  Lake  Region.''  Included  in  this  ''Lake  Region  "  are  the  sixteen  northernmost 
counties  of  the  State,  with  the  exception  of  the  very  northwestern  counties.  Lake 
and  Porter. 

I  would  separate  from  his  Lake  Region  some  of  the  most  northeastern  coun- 
ties, and  claim  for  this  territory  sufficient  peculiar  conditions  for  plant  growth  to 
merit  its  being  considered  a  distinct  botanical  region,  and  would  call  it  *'The 
Lake  Region  of  Northeastern  Indiana." 

outline   of  the   REC4I0N. 

A  line  drawn  from  the  vicinity  of  Warsaw,  Kosciusko  County,  north  along 
the  line  of  the  C,  C,  C.  &  St.  L.  R.  R.  to  its  intersection  with  the  northern 
boundary  of  the  county,  and  from  thence  northeast  through  LaGrange,  LaGrange 
County,  to  the  northern  boundary  of  the  State;  and  a  line  drawn  from  the  vicin- 
ity of  Warsaw  east  along  the  line  of  the  P.,  Ft.  W.  &  C.  R.  R.  to  its  intersection 


•Ward,  Proceedings  of  Royal  Soc,  Vol.  XLVII,  pp.  393-443. 

•Warbung,  Untersttchnngen,  etc.,  pp.  T7-92. 

^Linnean  Soc.  Joanial. 

M5th  Rep.  SUte  Geologist  Ind.,  p.  256. 


148 

with  the  eastern  boundary  of  the  county,  and  from  thence  northeast  through 
Waterloo,  DeKalb  County,  to  the  eastern  boundary  of  the  State,  would  enclose 
approximately  this  Lake  Region  of  Northeastern  Indiana. 

I  would  not  attempt  to  bound  it  by  any  invariable  line.  The  characteristic 
conditions  for  plant  growth  found  in  the  center  of  the  region  may  at  some  places 
extend  somewhat  beyond  the  limits  given,  and  at  other  places  may  not  reach 
them. 

The  region  includes,  in  general,  all  of  Steuben  County  and  Noble  County, 
the  northeast  part  of  Kosciusko  County,  the  southeast  part  of  LaGrange  County, 
and  the  extreme  north  part  of  Whitley  County. 

This  part  of  the  State  has  for  some  time  appeared  to  me  to  present  conditions 
for  plant  growth  different  even  from  the  rest  of  the  northern  counties  contained 
in  Dr.  Coulter's  *'Lake  Region,"  and  I  am  glad  to  have  it  proven  by  Dr.  Dryer 
in  his  geological  report  of  Steuben  County*  that  this  region  as  outlined  above  has 
separate  and  distinct  geological  features.  After  speaking  of  the  drift  left  by  the 
Saginaw  ice  and  the  Erie  ice,  and  the  confused  mass  of  drift  left  by  their  union, 
he  says':  "Such  a  belt  or  drift  forms  the  Saginaw- Erie  interlobate  moraine, 
which  in  Indiana  stretches  across  the  counties  of  Steuben,  LaGrange,  Noble, 
Whitley  and  Kosciusko.  Thus  are  the  peculiarities  of  topography  and  soil  in 
that  region  accounted  for." 

It  is  not  claimed  that  plants  characteristic  of  the  region  are  not  found  in  the 
neighborhood  of  lakes  of  northern  Indiana  outside  of  its  limits. 

The  proportion  of  lakes  and  their  characteristic  surroundings  outside  of  the 
Northeastern  Indiana  Lake  Region,  is  so  small  when  compared  with  such  condi- 
ions  in  the  region,  that  plants  found  farthest  from  the  lakeSf  together  with  others 
entirely  foreign  vf  ill  predominate  in  tlie  other  northern  counties. 

In  a  report  in  1874,  by  G.  M.  Levette"*,  upon  the  geology  of  the  northern 
tier  of  counties,  including  a  greater  part  of  the  region  under  discussion  and  the 
most  northern  counties  of  Dr.  Coulter's  Lake  Region,  he  says'* :  "On  the  eastern 
Bide  of  the  district,  the  land  originally  timbered  is  largely  in  excess  of  prairies 
and  openings,  but,  as  we  go  west  the  proportion  of  prairie  land  increases.'*  In 
the  same  report  he  says  of  Elkhart  County*  :  "  Only  a  small  per  cent,  is  covered 
with  peat-bogs,  lakes  and  marshes."  Of  St.  Joseph  County  he  says':  "Diversi- 
fied with  prairies,  oak,  openings,  and  rolling  timber  lands; "  and',  "small  tracts 


'  17th  Rop.  Stjite  (ieolopfist  Iml.,  1891. 
^Mera.p.lH2. 

*  5th  Rop.  State  Geolcijigt,  Ind.,  1874. 

*  Idem,  p.  4:^2. 
•'  Mem,  p.  452. 
'  I<lem,  p.  457. 
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of  low,  marshy  ground."  Of  I^aPorte  County':  "  The  central  and  southern  parts 
are  mostly  prairie;"  and  only',  ''small  marshy  spots  and  peat-bogs"  to  the 
north.  Marshall  County  is  spoken  of  in  another  report  by  W.  H.  Thompson*  as 
mostly  prairie  and  large  tracts  of  barren  land. 

These  references  to  small  percentage  of  lakes,  swamps  and  bogs  from  these 
northern  counties  not  in  the  lake  region  under  discussion,  when  compared  with 
the  continued  references,  everywhere,  to  the  large  percentage  of  such  conditions 
in  the  northeast  Indiana  lake  region,  would  seem  to  be  sufficient  authority  for 
separating  it  from  the  "lake  region,"  as  formerly  considered. 

OUTLINE  OF  THE  BOTANICAL  WORK   DONE  IN  THE  BECilON. 

A  Flora  of  Steuben  County  was  published  in  1892  by  E  Bradner'^,  and  a 
Flora  of  Noble  County  in  1893  by  W.  B.  Van  Gorder^  ^  So  far  as  I  can  ascertain, 
no  geological  report  has  ever  been  made  for  Kosciusko  County,  and  no  specimens 
of  plants  preserved,  other  than  those  in  my  herbarium. 

In  company  with  Prof.  A.  B.  Crowe,  of  Ft.  Wayne,  and  Thomas  A.  Davis, 
of  Goshen,  I  made  a  short  collecting  trip  through  the  lakes  and  marshes  in  the 
northeastern  part  of  Kosciusko  County,  during  the  last  of  June  and  the  first  of 
July,  1894;  and  I  have  made  collections  in  the  more  immediate  vicinity  of 
Warsaw  since  1893. 

During  the  summer  of  1H90  I  spent  several  weeks  in  the  study  of  the  grasses 
and  sedges  of  the  immediate  vicinity  of  Warsaw,  under  Dr.  Stanley  Coulter,  but 
owing  to  rains  and  floods  making  it  impossible  to  get  to  desirable  low  regions, 
and  to  the  fact  that  I  was  limited  to  a  part  of  each  day  by  other  work,  I  was  able 
to  collect  and  study  but  some  forty  species. 

I  may  say  that  it  is  at  the  siiggestson  of  Dr.  Coulter  that  I  attempt  this  paper. 

The  Floras  of  the  two  counties  mentioned,  and  mv  own  collections  will  be  re- 
ferred  to  as  a  basis  for  deductions,  since  the  three  counties  thus  covered  will  com- 
prise the  greater  part  of  the  regir)n,  and  no  reports  of  the  botony  of  the  other 
counties— only  small  parts  of  which  are  included  in  the  region— have  been  made. 

GENERAL   PHYSIOGRAPHIC   CONDITIONS. 

The  climate  throughout  the  region  is  the  same;  there  being  only  about  forty 
miles  difference  in  latitude  and  sixty  miles  in  longitude.  The  general  surface  of 
the  country  is  rolling,  and  almost  hilly  to  the  north,  sloping  in  general  to  the 

"Idem,  p.  462. 

«15th  Rep.  SUte  Geologist  Ind.,  p.  178. 
'".7th  Rep.  State  Geologist  Ind.,  1891-2,  p.  P5. 
'>18th  Rep.  State  Geologist  Ind  ,  1893,  p.  33. 
11 
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southwest.  About  one-third  of  the  region  was  originally  covered  with  heavy  tim- 
ber, and  the  soil  of  this  part  is  a  clayey  loam.  The  soil  of  the  very  small  areas 
of  prairie  land  is  a  sandy  loam,  and  the  swamps  are  filled  with  rich,  black  muck 
and  peat  many  feet  deep.  This  is  the  general  distribution,  but  pure  sand  and 
clay  are  often  found  by  themselves,  over  more  or  leHs  extensive  areas.  Occasion- 
ally sand  and  muck  are  found  in  combination. 

These  different  soils  furnish  sustenance  for  a  flora  of  a  widely  varied  species^ 
while  those  thriving  best  in  wet  soil  or  growing  in  water  will  predominate. 

LOCAL  PHYSIOGRAPHIC  CONDITIONS. 

In  the  northern  part  of  Steuben  County,  to  the  extreme  northeast  of  the 
region,  are  localities  of  pure  sand  of  rather  extensive  area,  and  lakes  entirely 
surrounded  by  sand  and  lime  deposits,  around  whose  edges,  and  in  whoee  bot- 
toms, scarcely  any  vegetation  is  to  be  found.  Sandy  spots  devoid  of  vegetation 
are  occasionally  found  throughout  the  region,  but  of  very  limited  extent.  The 
Steuben  County  tracts  are  quite  peculiar  to  their  immediate  vicinity,  and  per- 
haps should  not  be  included.  In  none  of  the  other  counties  do  we  find  entire 
lakes  so  destitute  of  vegetation.  I  have  counted  over  ten  plants  in  Bradner's 
list^^  characteristic  of  a  barren  soil  which  are  not  found  so  far,  or  only  occa- 
sionally, in  the  rest  of  the  region.  In  general,  there  would  seem  to  be  the  greatest 
prevalence  of  plants  characteristic  of  lighter  sandy  soil  in  Steuben  County,  the 
greatest  prevalence  of  plants  indicative  of  a  wet,  peaty  soil  in  Kosciusko  County, 
and  rather  more  of  a  mixture  of  the  two  in  Noble  County,  between.  But  a  very 
general  uniformity  of  species  will  be  found  throughout  the  region,  which  will 
increase  with  closer  study  and  more  extended  collecting. 

PHYSIOGRAPHIC  CHANCRES. 

1.  Low  Stcampt,  The  lakes  are  for  the  must  part  surrounded  by  low  lands 
or  marshes,  which  show  that  the  lakes  were  once  of  much  greater  extent.  Soil  is 
accumulating  around  these  lakes  by  the  growth  and  decay,  from  season  to  season, 
of  the  rank  vegetation  around  the  edges,  and  this  process  is  continually  diminish- 
ing the  size  of  the  lakes,  forming  large  marshes,  which  are  being  drained  by 
ditching  and  tiling.  A  great  deal  of  valuable  land  has  thus  been  reclaimed  and 
successfully  farmed. 


''17th  Rep.  Stale  Geol«»gi8t  Ind.,  1891-2,  p.  135. 
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The  result  of  this  change  is  a  decreasing  area  for  water  plants,  but  an 
increasing  area  for  swamp  plants,  which  area  is  again  conyerted  into  cultivated 
dry  land.  While  this  is  a  slow  process,  and  has  not  materially  decreased  the  size 
of  the  lakes  very  lately,  vet  a  great  deal  of  swamp  land  which  formerly  was  over- 
flowed at  periods  of  high  water  has  been,  within  the  past  twenty  years,  so  success- 
fully drained  as  to  make  dry,  tillable  land.  The  amount  of  swamp  land  in 
Ko8ciu8ko  County  at  present  is  not  one-half  what  it  was  twenty  years  ago;  but 
there  was  so  much  land  of  this  character  then,  that  the  remainder,  with  the  lakes 
added,  is  sufficient  to  designate  this  as  a  true  lake  region. 

The  same  changes  have  taken  place  to  a  greater  or  less  extent  in  all  the  other 
counties  of  the  region. 

But  few  species  have,  in  all  probability,  been  yet  lost  to  this  flora  by  these 
changes,  but  the  abundance  of  many  species  must  be  greatly  reduced. 

By  means  of  this  system  of  drainage  the  land  passes  from  the  wettest  swamp 
through  all  gradations  to  dry,  solid  land,  and  the  plants  growing  on  it  change  in 
a  like  manner. 

I  have  in  mind  a  certain  swamp,  which  was  an  outlet  of  the  city  of  Warsaw, 
Kosciusko  County,  in  which  grew,  fifteen  or  sixteen  years  ago,  great  quantities  of 
Typha  Uuifolia  L.,  Sagittaria  varMUis  Englem.,  Cypeous  strigoHtts  L.,  and  such 
plants  as  grow  in  the  wettest  swamps.  Open  ditches  were  put  through  and  the 
soil  was  gradually  dried.  These  plants  gradually  disappeared,  and  such  plants  as 
Lobelia  ny^phUitica  L.,  Lobelia  cardxnalis  L.,  Lynmachia  Mricta  Ait.,  Iris  versicolor  L., 
and  PoUntilla  frulicom.  L.,  were  noticed.  As  the  ground  further  dried  out,  and 
these  began  to  disappear,  others  were  observed,  such  as  Parnassm  Carolinvana 
Michx.,  Viola  jxUmita  L.,  var  euciillcUa  Gray,  Viola  Canadensis  L.,  and  Gerardia 
purpurea  L.  Eyen  these  finally  disappeared,  until  one  can  now  only  occasionally 
find  a  plant  of  Viola  palmata  L.,  var  ctu^ullata  Gray,  and  such  weeds  as  grow  in  a 
pasture  lot— thistles,  burdock,  etc. 

This  land  has,  under  my  observation,  undergone  these  complete  transforma- 
tions as  regards  its  soil  and  plant  life,  and  is  only  an  example  of  numerous  similar 
instances  throughout  the  entire  region. 

The  rich  black  muck  soil  thus  formed  and  mixed  with  some  sand  and  lime 
(which  latter  shows  itself  in  places  in  marl  deposits)  produces  plants  of  exceptional 
size,  shows  many  specimens  of  rapid  growth  and  unusual  development,  and 
affords  much  material  for  study  along  that  line. 

This  reclaimed  soil  has  proven  specially  adapted  to  the  growth  of  celery,  and 
Warsaw  is  becoming  a  large  shipping  point  for  celery  of  exceptionally  fine 
quality. 
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Tanutrark  Swamps.  Much  of  this  peat  or  muck  land  was  formerly  covered 
with  tamarack,  Larix  Americana  Michx.  The  trees  grew  very  near  to  one  another 
and  formed  a  very  dense  forest,  often  with  an  undergrowth  of  lihm  venenata  DC., 
and  Betula  pumila  L. 

The  tamarack  has  for  the  most  part  been  cut  down,  and  where  standing,  the 
trees  are  often  dead.  The  drying  of  the  soil  taken  away  one  essential  condition 
to  their  growth. 

In  and  near  a  few  tamarack  swamps  still  standing  I  collected  the  only 
specimens  of  Betula  pumiia  L.,  I  have  seen  in  Kosciusko  County.  It  is  not 
reported  from  Noble  County  by  Van  Gbrder^*,  but  is  from  Steuben  County,  by 
Bradner^^,  so  that  it  is  probably  foand  sparingly  throughout  the  region  and  dis- 
appearing with  the  tamaracks. 

About  ten  years  ago  I  collected  one  specimen  of  Cypripedium  acatUe  Ait.,  in 
the  edge  of  a  tamarack  swamp  in  the  vicinity  of  Warsaw,  Kosciusko  County. 

In  1882  Dr.  Coulter  ^^  lists  it  as  found  in  a  tamarack  swamp  in  Noble  County. 
Mr.  Van  Gorder  gives  reference  to  the  "Editors  of  the  Botanical  Gazette,  1881," 
as  his  authority  for  listing  it  in  his  Noble  County  Flora***.  It  is  not  reported 
from  Steuben  County  by  Mr.  Bradner**,  and  has  not  been  seen  in  Kosciusko 
County  since  the  specimen  mentioned.  The  authors  of  the  Lake  County  list  *^ 
claim  thai  as  the  only  Indiana  station,  and  mark  it  ''local.''  The  specimen  has 
evidently  been  lost  to  this  flora  by  absence  of  proper  conditions  for  growth. 

In  connection  with  the  decadence  of  tamarack  swamps  in  this  region,  it  has 
been  observed  that  a  i^reat  many  of  the  plants  listed  by  Dr.  Jno.  Coulter*'  as 
being  characteristic  plants  of  his  "  I^ke  Region''  are  not  at  present  the  charac- 
teristic plants  of  the  "Lake  Region  of  Northeastern  Indiana."  Of  his  list  of 
twenty  plants,  Betula  pumiin  L.,  Tofieldia  gbUinosa  Willd.,  Lilium  superbum  L., 
Ruellia  ciliona  Pursh.,  Solidago  Mricta  Ait.,  Ribe^  rnhrnm  L.,  PottnliUa  aryentea 
L.,  and  Myriaphyllum  ^pi^xUutn  L,  are  very  rarely  found;  while  Cypripedium 
acaxde  Ait.,  Oxalis  acetaseila  L.,  Aster  longifoliuff  Lam.,  and  Vaeeinium  Pennsyl- 
tHinicum  Lam.,  have  not  been  reported  since  that  time.  Arabut  lyrata  L.,  and 
Lechea  nmjor  Michx.,  are  only  oi-casionally   found.     Elode»  campanulata  Pursh., 


' '  18th  Rep.  State  Geologist  Ind.,  18()3,  p.  3i^, 

'*  17th  Rep.  State  Geologist  Ind.,  1891-92,  p.  135. 

'  *  Bot.  Gazette.  V.  Sup.  I.,  1882,  Flora  of  Indiana. 

"*Higby,  Wm.  K.,  and  Ruddin,  Cbat).  S..  Flora  of  Cook  Co.,  111.,  and  a  part  of  Lake 
Co.,  iDd.    Bull  Chicago  Acad.  Soi.  II. 

»'  15th  Rep.  State  Geologist  Ind.,  p.  259. 

*Mr.  Van  Gorder  recently  reportu  it  personally  found  in  Noble  County,  but  it  is  by  no 
means  common. 
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Maianthemum  (hnadewie  Desf.,  and  Allium  cemuvm  Roth.,  are  found  more  com- 
monly, but  not  in  (uch  abundance  as  to  be  termed  characteristic  of  the  region. 
This  only  leaves  two  plants  of  the  list  which  now  remain  as  characteristic,  viz. : 
Txtbrlia  Knlmii  L.,  and  Scutellaria  galerictdata  L. 

It  is  true,  of  course,  that  Dr.  Coulter's  "Lake  Region  "  covered  more  terri- 
tory than  the  ''  Lake  Region  of  Northeastern  Indiana,''  but  this  latter  was  in- 
cluded, and  formed  a  very  considerable  part  of  it,  and  the  fact  that  only  two  of 
his  list  can  now  be  called  characteristic  of  our  smaller  Lake  Region  has  its  sig- 
nificance. 

It  must  be  that  the  entire  north  part  of  the  State  has  undergone  a  noticeable 
change  in  conditions  producing  its  characteristic  plants,  or  that  this  northeastern 
part  under  consideration  has  alone  changed,  or  that  we  have  here  conditions  dif- 
ferent from  the  remainder  of  the  former  Lake  Region  which  were  exbtent  at  that 
time.  Most  of  Dr.  Coulter's  observations  were  along  the  line  of  the  L.  S.  <&  M. 
S.  R.  R. — largely  in  St.  Joseph  County — and  only  touching  our  region  in  Noble 
Countv. 

0 

It  is  ((uite  probable  that  the  observations  at  that  time  did  not  extend  so 
thoroughly  in  our  region  as  in  the  districts  to  the  north  and  west,  where  there  was 
not  such  an  abundance  of  lakes  and  pure  lake  forms. 

The  tamarack  and  associated  swamp  plants  are  more  frequent  in  Dr.  Coulter's 
list  than  our  present  lake  plants  and  swamp  plants  free  from  tamarack  surround- 
ings. Our  most  common  species  of  this  latter  class,  now  so  abundant,  can  scarcely 
be  of  very  recent  introduction,  and  this  would  seem  to  show  that  our  pure  lake 
plants  were  not  even  then  (1886)  so  abundant  in  the  remainder  of  Coulter's 
Lake  Region  as  in  this  part  of  it  which  we  call  the  Lake  Region  of  Northeastern 
Indiana,  proving  more  conclusively  the  distinctiveness  of  this  region.  The  gradual 
disappearance  of  the  tamarack  is  no  doubt  general  throughout  northern  Indiana, 
and  the  list  referred  to  would  not  include  so  many  characteristic  plants  for  any 
northern  county  as  when  made,  yet  it  would  seem  evident  that  the  list  never  con- 
tained as  many  plants  peculiar  to  our  region  as  to  the  counties  north  and  west  of  us, 
and  that  there  always  have  been  more  pure  lake  forms  in  the  counties  included  in 
the  Northeastern  Indiana  Lake  Region  than  in  the  remainder  of  northern  Indiana. 
From  the  frequent  references  which  will  occur  to  Lake  County  as  the  only  other 
station,  or  one  of  a  few  other  stations,  for  a  number  of  the  plants  peculiar  to  the 
Northeastern  Indiana  lake  region,  it  may  be  inferred  that  Lake  County  as  a  whole 
is  very  similar  to  this  region,  and,  with  the  intervening  territory,  should  be  in- 
cluded. When  the  lists  of  this  region  and  the  lists  of  Lake  County  are  compared 
it  will  be  found  that  there  are  many  plants  not  in  common. 
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A  large  part  of  Lake  County  is  the  sandy  region — to  which  we  have  no  paral- 
lel— left  by  the  receding  of  Lake  Michigan  to  its  present  bounds.  There  are  in 
northwestern  Lake  County — the  southeast  part  of  the  region  covered  by  Higley 
and  Raddin's  catalogue — some  lakes  and  marshes  which  present  conditions  similar 
somewhat  to  our  own.  These  localities  in  Lake  County  have  been  so  thoroughly 
examined  that  it  is  not  strange  to  find  some  of  our  less  frequent  species  aUo 
**very  infrequent"  there.  Most  of  all  the  references  made  are  to  plants  very 
rare  or  local  in  Lake  County.  Many  of  our  common  species  would  not  be  found 
in  Lake  County,  and  very  many  common  Lake  County  species  would  not  be  found 
here  at  all.  While  Lake  County  offers  similarities  in  a  small  part  of  its  territory, 
the  Lake  region  of  Northeastern  Indiana  and  the  Lake  County  region,  as  a  whole, 
are  dissimilar. 


Notes  in  General,  Upon  Occitrrencb  and  Distribution  of  Rare  or  Ik- 

TERE^iNo  Species. 


Those  who  have  published  lists  covering  any  part  of  Northeastern  Indiana 
do  not  claim  them  to  be  complete,  and  doubtless  new  plants  are  yet  to  be  observed. 
By  comparing  the  partial  catalogues  referred  to  with  my  own  collections  I  find  a 
total  of  some  nine  hundred  and  fifty  species  reported  from  the  ^'Lake  Region  of 
Northeastern  Indiana." 

It  is  to  be  regretted  that  Mr.  Bradner  has  not  given  in  his  catalogue^®  any 
notes  as  to  abundance  of  species,  or  to  distribution  over  the  territory.  With  the 
exception  of  one  or  two  instances  it  is  impossible  to  tell  whether  a  supposable 
rare  plant  is  rarely  or  more  commonly  met  with,  or  in  what  kind  of  soil,  or  under 
what  conditions  it  is  found.  If  scarce,  whether  it  is  recently  noticed  and  just 
appearing,  or  whether  formerly  seen  and  just  disappearing.  With  the  geology  of 
the  county  given  by  townships  in  the  same  volume,  Mr.  Van  Gorder*s  reference** 
to  scarcity  or  abundance,  and  to  locality  by  townships,  is  very  helpful. 

It  would  seem  that  much  more  importance  should  be  placed  on  these  anno- 
tations than  is  often  done.  The  helpfulness  of  richly  annotated  lists  is  double 
that  of  those  with  bare  names  of  species. 


'■17th  Rop.  Stat©  Geologist  Ind.  1891-2,  p.  135. 
'nsth  Rop.  SUte  Geologist  Ind.  1893.  p.  33. 
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PLANTS  NOT  OIVEN   IN  COULTER'S  LIST.^" 


During  uj  collecting  in  Kosciusko  County  I  have  found  seven  plants  not  re- 
ported in  Coulter's  List.  On  the  sandj,  low  shore  of  Chapman's  Lake,  Kosciusko 
County,  I  found,  in  1894,  (wo  upecimenM  only  of  EpUobium  AdenoeauUm  Haussk. 
Although  growing  very  near  each  other  they  have  a  very  different  aspect,  and  so 
far  as  I  could  judge  from  the  manual  description  I  had  a  specimen  of  E,  glandur 
lo9um  Lehm.,  which  Trelease  says^^  does  not  occur  in  the  United  States.  The 
specimens  were  both  sent  to  Dr.  Trelease,  and  he  writes  me  that  they  are  both 
E,  adenscaulon,  much  as  they  appear  different;  and  that  E,  adenseaulon  is  very 
variable.  So  far  as  I  can  ascertain  E.  adensoauJon  has  never  been  found  in  In- 
diana with  the  exception  of  the  two  specimens  I  possess ;  and  it  is  interesting  to 
note  that  Seal  <&  Wheeler^  ^  do  not  list  it  from  Michigan  farther  south  than 
Keewenaw  County,  the  very  northermost  county  of  the  Upper  Peninsula. 

Anychia  CafUlo/cea  DC.,  I  have  found  in  Kosciusko  County  in  two  places  in 
quite  abundance — on  the  east  shore  of  Tippecanoe  Lake  in  woods,  and  in  a  simi- 
lar situation  in  Winona  Park,  Winona  Lake.  The  manual'^  says,  ''More  abun- 
dant northward,"  but  it  is  not  given  by  Beal  <&  Wheeler,  as  found  in  Michigan, 
just  north  of  us.  Higley  <&  Raddin'^  list  it  as  found  in  Riverside,  111.,  Cook 
County,  but  do  not  list  it  from  Lake  County,  in  their  list  of  Cook  County,  111., 
and  Lake  County,  Indiana,  plants. 

Specimens  of  Bideru*  Beckii  Torr.  were  found  by  me  in  1893  in  the  slow  waters 
of  the  Tippecanoe  River,  near  Warsaw,  Kosciusko  County.  I  could  find  no  list 
of  any  section  in  Indiana  containing  this  species,  and  reported  the  same  to  Dr. 
Jno.  M.  Coulter.  Since  then  I  have  found  it  mentioned  as  rare  in  Lake  County, 
and  by  Bradner  from  Steuben  County. ^^  I  failed  to  find  it  elsewhere,  nor  could 
it  be  found  in  the  same  place  the  next  year. 

I  found,  in  1894,  a  few  specimens  of  A^Upiaa  phytcUorcoideH  Pursh.*  near 
Chapman's  Lake,  Kosciusko  County.     It  is  not  in  Coulter's  list,  but  I  have  since 

'**Bot.  Qasette  V,  Sup.  I,  1882,  Flora  of  Indiana.  From  which  all  future  references  to 
"Coulter's  List"  or  to  the  "SUte  Flora"  are  taken. 

'^Mono^aph  Genas  Epilobium,  p.  100. 

"Mich.  Flora,  1892,  W.J.  Beal  and  C.F.Wheeler,  Agricultural  Colleffe.Mich.  From  this 
work  all  future  references  to  Beal  &  Wheeler,  or  Michigan  Flora,  or  toiplants  of  Mich,  are 
taken. 

"Qray's  Manual,  6th  Edition.    All  references  to  Manual  are  Gray'?  6th  Ed. 

•*Bull.  Chicago  Acad.  Sci.,  Vol.  II,  No.  1.  1891.  From  which  all  future  references  to 
Lake  County  are  taken. 

"17th  Rept.  State  Geologist  Ind.,  1891-2,  p.  135.  From  which  all  future  references  to 
"Bradner's  List"  or"SUuben  Co."  are  taken. 
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found  it  reported  from  Lake  Cbiinty  **rare,*'  from  Central  Eastern  Indiana'^ 
**  rare,"  but  more  common  in  Noble  County^?  and  Steuben  Countv  than  elBewhere. 
showing  that  this  lake  region  must  offer  peculiar  suitable  conditions  for  its  growth. 

Trifolium  Ijyhridum  L.  is  fast  becoming  common  in  this  flora,  and  is  mixing 
so  with  Trifolium  repemt  L.,  it  seems  quite  impossible  to  find  T.  repens  very  often 
true  to  the  type.  It  is  reported  from  the  other  counties  of  this  region  as  quite 
common,  while  to  the  northwest,  in  Lake  County,  it  is  listed  as  infrequent,  as  also 
in  Beal  &  Wheeler's  "Michigan  Flora." 

Boutelona  rxu:emosa  Lag.  I  found  this  last  summer  (1896),  on  a  hillside  in 
Winona  Park,  Kosciusko  County;  very  abundant  in  one  plat  about  one  rod 
square,  but  seen  nowhere  else.  It  is  not  listed  by  Troop  in  his  '^Grasses  of  Indi* 
ana, "2*  nor  do  I  find  it  listed  anywhere  from  Indiana  except  by  Bradner,  from 
Steuben  County,  in  this  region. 

EleocharU  (/uadrangtdata  R.  Br.,  is  not  listed  by  Dr.  Coulter,  but  is  marked 
**rare"  in  the  Manual.  This  was  found  last  summer  (1896)  in  Winona  Lake; 
quite  abundant  in  one  locality.  It  is  reported  from  South  Michigan  as  rare,  and 
from  Steuben  County  by  Bradner.  Outside  of  these  two  reports  from  this  region, 
I  find  only  one  other  report  from  Indiana,  and  that  in  the  appendix  to  the  Lake 
County  list,  in  one  locality  only. 

PLANTS  IN   COULTKR^S  LIST,    BUT  NEW   TO  OR   RARE   IN   THIS   REGION. 

Eleochavis  amta  R.  Br.,  though  given  in  Coulter's  List  as  common  to  the  State, 
is  not  reported  in  any  local  list  of  the  south  part  of  the  State  at  my  command,  and 
is  "infrequent"  in  Michigan  to  th»;  north,  but  I  found  a  few8|>ecimens  at  Winona 
Lake,  Kosciusko  County,  and  it  is  reported  from  Steuben  County,  this  region. 
This  northeast  part  of  Indiana  would  seem  to  be  more  suited  to  it  than  other  parts 
of  the  State.     It  is  "  very  infrequent "  in  Lake  County. 

JTihiseus  Mosehentns  L.  is  only  reported  from  the  "knobs"  in  Coulter's  list,  and 
1  can  find  no  other  report  of  it  from  this  State  than  in  Lake  County.  I  found  a 
large  clump  of  it  on  the  Tippecanoe  River,  Kosciusko  County,  in  1893. 

In  1894  r  found  about  six  plants  of  Parietaria  Penwylvanica  Muht.,  on  a  sandy 
shore  of  Turkey  Lake,  Kosciusko  County.  Coulter's  list  reports  it  only  from  the 
banks  of  the  Ohio.  1  can  find  no  other  locality  in  the  State  from  which  it  is  re- 
ported, except  from  Lake  County,  and  then  marked  "rare." 


"12th  Rept.Stiite  flooloarist,  1882,  "Flora  of  Central  Eastern  Indiana,"  A.  J.  Phinney, 
M.  U.,  I).  1%.    From  which  all  references  to  Cent.  Eastern  Tnd.  wre  taken. 

•'18th  Ropt.  Ind.  State  Goolojrist,  1893,  p. 33.  From  which  all  future  references  to  "Noble 
Co."  or  "Van  Gorder's  List"  are  taken. 

"Bull.  29  Ind.  Agri.  Expt.  Sta.,  Lafayette,  Purdue  Univ.,  1889.  "  GrasBes  of  Indiana." 
—J.  Troop. 
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r  found  in  1893,  on  waste  ground,  Kosciusko  County,  one  specimen  of  Ipomoee 
hederaeea  Jactj.,  which  is  the  only  dLscovery  of  the  species  I  can  find  north  of 
Central  Indiana,  nor  is  it  reported  from  Michigan,  to  the  north. 

A  few  specimens  of  Myriaphyllum  htierophyllum  Michx.,  which  I  found  in 
Boydston's  Lake,  Kosciunko  County,  are  the  only  plants  of  the  species  I  can  find 
reported  from  the  north  part  of  the  State,  but  from  Steuben  County,  this  region, 
and  from  Lake  County. 

I  would  add  Kosciusko  County  as  another  locality,  for  four  plants  mentioned 
in  Dr.  Stanley  Coulter's  paper  ^'*  before  the  Academy  last  year,  as  occurring  at 
only  one  or  two  stations  in  the  north  part  of  the  State. 

They  are  Liparus  hfesdii  Richard.,  Menyanthes  trifoiiafa  L.,  Asfei'  umbellcUus 
Mill.,  and  Galium  boreale  L.  Other  plants,  not  previously  reported  from  the  north 
part  of  the  State,  or  if  so,  only  from  Lake  County,  could  be  stated  as  having 
been  found  in  this  Northeastern  Indiana  Lake  Region. 

SOME  GENERAL  OBSERVATIONS. 

In  this  connection  I  would  call  attention  to  the  listing  of  Prunua  PennsylvU" 
niai  Lj,  f.,  in  a  list  of  the  common  timber  trees  of  seven  counties  in  this  immediate 
section.'*'  Is  this  not  a  mistake?  Should  it  not  be  Pninus  serotina  Ehoh. ?  P. 
Penmnflvanica  is  not  in  Coulter's  list,  and  is  not  reported  from  this  region  by  any 
list  whatever  other  than  this  reference.  It  is  marked  **very  rare"  from  Central 
Eastern  Indiana,  and  also  ^^rare  along  the  lake  shore,"  in  Lake  County.  Heal  & 
Wheeler  say  in  ''Michigan  Flora,"  "Very  abundant  on  sandy  soil  in  the  north 
half  of  the  State,  but  less  common  southward,  where  P.  Acrotina  takes  its  place." 
P.  aerolina  is  surely  the  only  wild  cherry  here  which  could  be  used  for  lumber 
(the  only  other  tree  of  this  genus  found  here — P.  Americana  Marshall — being  too 
small),  and  should  be  substituted  in  the  list  referred  to  for  P.  Pfnnxylvanica. 

1  would  also  call  attention  to  some  species  listed  by  Bradner  c^-  Van  CJorder, 
which  appear  to  me  to  be  probable  errors. 

Mr.  Van  Gorder  lists  from  Noble  County,  **  Hepaticu  acntiloixi  DC.,  Liver 
leaf,  common";  as  does  also  Mr.  firadner,  from  Steuben  County,  and  neither  list 
i/.  triloba  Chaix.  In  all  my  collecting  in  Kosciusko  County  1  have  never  seen 
//.  acutilobi,  while  H.  triloba  is  one  of  our  most  common  spring  plants.  I  am 
well  aware  that  the  two  species  are  apt  to  approach  each  other,  and  that  transi- 
tion forms  are  apt  to  be  found,  but  am  well  aci^uainted  with  the  two  species, 
having  been  able  to  find  at  Crawfordsville,  Indiana,  with  close  searching  for  two 

"Proc.  iDd.  Acad.  Sci.,  1895,  p.  ISi. 

"""Sth  Kept.  State  Geologist  Ind.,  1873.    Observntions  by  G.  M.  Levetto,  p.  4.34. 
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seasons,  nothing  but  H,  acuiUobu^  and  find  nothing  in  Koyciunko  County  bat  H. 
triloba,  the  scapes  of  which  seldom  grow  to  the  height  of  those  of  aetUUobtL 

It  would  seem  strange  that  such  an  apparent  diflference  should  exist  between 
counties  of  the  same  region,  and  I  feel  quite  certain,  since  these  lists  report  bat 
one  form,  it  must  be  H,  triloba. 

Mr.  Bradner  lists  from  Steuben  County,  ^^Claytonia  Oaroliniana  Michz., 
Spring  Beauty."  Mr.  Van  Gorder  reports  from  Noble  County  only  C  Vtrginiea 
L.,  and  that  is  the  only  species  reported  from  Kosciusko  County. 

It  is  not  at  all  probable  that  C.  Caroiiniana  is  found  so  far  south  in  this  longi- 
tude. Beal  &  Wheeler  say  Caroiiniana  is  not  found  in  the  south  part  of  Michigan. 
It  is  reported  from  Lake  County,  where  the  conditions  are  more  like  those  of 
Northern  Michigan,  and  it  seems  very  certain  that  the  plants  referred  to  in  Mr. 
Bradner's  list  should  be  written  C.  Virginiea, 

Nowhere  can  I  find  Viburnum  nudum  L.  reported  outside  the  limits  given  in 
Gray's  Manual,  6th  edition,  vii. :  "From  N.  J.  to  Florida,"  except  from  Stea- 
ben  County  by  Bradner,  and  if  it  be  correct,  is  worthy  of  mention  as  an  entirely 
new  plant  to  this  region. 

Mr.  Bradner  also  reports  Typha  augustifolia  L.  from  Steuben  County,  which 
is  very  rare  indeed,  and  deserves  special  notice. 

I  have  not  corresponded  with  either  Mr.  Van  Gorder  or  Mr.  Bradner,  nor 
seen  their  collections,  and  draw  the  above  conclusions  wholly  from  general  obser- 
vation. 

It  is  worthy  of  note  that  NelnnAo  hitea  Pers.  is  reported  from  Blue  River 
Lake,  Whitley  County  ^  • — a  part  of  this  region.  This  is  the  only  reported  local- 
ity in  Indiana,  except  Lake  County,  and  the  species  is  very  rare  in  the  Central 
States. 

This  region,  as  a  whole,  seems  to  possess  a  flora  considerably  different  from 
that  which  it  had  a  decade  since;  to  have  lost  many  of  its  northern  forms,  and 
to  have  gained  some  southern  forms.  Introduced  species  from  the  east  and  west 
have  been  brought  in  by  the  railroads.  The  climate  is  much  milder  than  form- 
erly, and  the  various  conditions  for  plant  growth  materially  changed.  Until  re- 
cently it  has  not  had  as  much  attention  from  botanists  as  other  sections  of  the 
State. 

A  more  careful  study  of  the  flora  will  surely  develop  interesting  facts. 
There  is  much  to  be  done  along  the  line  of  cryptogamic  botany.  Surely  the  ter- 
ritory as  outlined  is  worthy  the  designation  of  u  separate  and  characteristic 
region,  and  will  repay  the  more  extended  investigations  of  botanists. 


""  17th  Ropt.  State  Oeoloffist  Ind.,  pp. 166. 
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Contributions  to  the  Flora  of  Indiana,  No.  IV.    By  Stanley  Coulter. 

The  preceding  papers  in  this  series  are  those  entitled  Saxifragaeece  of  Indiana 
(Proc.  Ind.  Acad.  Sci.,  1894,  pp.  103-107);  A  Preliminary  List  of  Plants  Grotcing 
in  the  Vieinily  of  Washinytonf  Daviess  County  (Proc.  Ind.  Acad.  Sci.,  1895,  pp. 
169-182);  Noteworthy  Indiana  Phanerogams  {Froc.  Ind.  Acad.  Sci.,  1895,  pp.  183- 
198  V  Th^  notes  are  incidental  to  the  preparation  of  the  catalogue  of  the  flora  of 
the  State,  and  are  in  a  measure  supplemental  to  that  work. 

Many  plants  which  were  originally  included  in  this  contribution  have  been 
omitted,  because  of  their  inclusion  in  much  fuller  detail  than  I  could  possibly 
have  given  in  the  papers  of  Messrs.  W.  8.  Blatchley  and  Robert  Hessler,  M.  D., 
published  in  these  proceedings.  With  the  exception,  therefore,  of  a  few  forms 
to  which  I  desire  to  call  attention,  the  body  of  this  paper  concerns  the  composita* 
of  the  State,  with  special  reference  to  their  distribution. 

CoptiH  trifoiia  Salisb.  Mr.  Van  Gorder  reports  this  plant  as  very  abundant 
in  certain  localities  in  both  Noble  and  DeKalb  counties.  So  far  as  has  come  to 
my  knowledge,  this  is  the  only  record  of  the  plant  in  the  State  authenticated  by 
herbarium  specimens.  Its  range  and  habits  of  growth  would  indicate  its  pres- 
ence in  the  swamp  regions  of  our  northern  counties. 

AUanthus  glanduhsus  Desf.  This  tree,  not  as  yet  included  in  the  lists  of  the 
forest  trees  of  the  State,  seems  to  have  become  thoroughly  naturalized,  and  is 
entitled  to  a  place  in  our  flora.  In  Jeflerson  county  it  has  escaped  from  cultiva- 
tion and  covers  entire  hillsides,  notably  in  the  vicinity  of  Madison  and  Hanover 
college.  The  growth  is  so  dense  and  rapid  as  to  make  it  a  somewhat  doubtful 
acquisition.  A  thicket  of  Ailanthus  in  full  foliage  gives  a  very  fair  idea  of  the 
appearance  of  semi-tropical  undergrowth.  The  tree  should  he  included  in  the 
flora  of  the  State. 

SuUiiuntia  Ohionis  Torr.  and  Gray.  This  form,  the  distribution  of  which  I 
limited  {Saxifragacetr  of  Indiana,  Proc.  Ind.  Acad.  Sci.,  1894,  p.  104)  to  a  single 
station  at  Clifty  Falls,  Jeflerson  county,  must  have  an  added  station  in  Clark 
county.  The  determination  of  Dr.  C.  R.  Barnes,  questioned  in  that  communica- 
tion, has  been  verified  by  abundant  specimens  found  among  the  duplicates  in 
Purdue  university.  The  Clark  county  station  is  of  the  same  general  character 
as  that  at  Clifty  Falls,  the  plant  clinging  to  the  vertical  sides  of  moist  limestone 
clififs,  by  no  chance  seeming  to  leave  this  apparently  barren  position  for  the 
deeper  and  richer  soils  surrounding.  The  plant  in  our  region  may  be  considered 
as  the  most  characteristic  of  the  limestone  clifls. 
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JuniperuB  Virginiana  L.  The  apparently  rapid  increase  of  this  cedar  through- 
out southern  Indiana  is  worthy  of  note.  Within  ten  years  the  number  of  well- 
grown  forms  has  increased  at  least  fourfold.  The  explanation  of  this  increase  is 
to  be  found  in  the  almost  universal  fencing  of  regions  formerly  wild,  and  the  con- 
Betjnent  restriction  of  cattle  ranges.  It  is  an  extremely  suggestive  example  of  the 
almost  immediate  effect  of  a  modification  of  the  factors  entering  into  the  struggle 
for  existence.  It  is  incidentally  suggestive  of  the  fact  that  when  reforestration  is 
attempted,  the  young  forest  areas  must  be  as  carefully  guarded  as  are  flower  or 
vegetable  gardens. 

Tipidaria  discolor  Nutt.  This  rare  orchid  in  reported  by  Prof.  A.  H.  Young 
as  having  been  found  at  the  Clifty  Falls  station,  in  JefTerson  county,  the  past  sea- 
son. This  is  much  south  of  its  central  range,  although  in  its  easterly  range  it  ex- 
tends as  far  south  as  Florida. 

The  plant  affects  sandy  woods,  while  the  Clifty  Falls  Station  can  offer  noth- 
ing except  a  thin  limestone  soil  or  a  heavy,  cold  clay.  The  record  is  verified  by 
herbarium  specimens. 

The  composita?  of  Indiana,  so  far  as  reported  to  the  survey,  number  213 
species,  distributed  through  55  genera.  The  Asters  lead  with  32  reported  si^ecies, 
Solidago  coming  second  with  28.  The  other  larger  genera  arc  Hdianthus^  13 
species ;  Eupatorium^  7  species ;  Eriyeron  and  Coreopsis  each  with  (j  species ;  BidenSj 
Silphium  and  Liatris  each  with  5  species.  Owing  to  imperfect  notes  and  **  scrappy  " 
material  the  work,  especially  in  the  Alters  and  SolidagoSj  was  extremely  difficult. 
While  doubtless  many  errors  occur,  there  has  been  a  constant  endeavor  to  elim- 
inate all  doubtful  references.  In  some  cases  specimens  have  not  been  seen,  but 
where  admitted  the  original  specimens  have  been  passed  upon  by  some  well-known 
ex{)ert.  Very  few  of  Dr.  Schneck's  specimens  have  come  into  my  hands,  but  all 
of  his  doubtful  forms  were  relerred  at  the  time  of  collection  to  Dr.  Gray.  It  may 
be  assumed  that  all  admitted  forms  have  been  inspected  or  passed  upon  by  some 
botanist  entitled  to  speak  with  authority. 

It  may  be  intimated  here  that  apparently  no  other  family  responds  so  quickly 
to  changed  conditions.  The  response,  even  to  slight  change,  is  often  very  marked. 
Many  Astern  and  some  Solidagos  present  fairly  distinct  forms,  determined  appar- 
ently merely  by  the  amount  of  light  or  shade.  Others  indicate  clearly  the  amoant 
of  mointure  in  the  soil.  Because  of  this  ready  response  to  environmental  changes 
a  determination  of  a  form  from  a  single  specimen  is  often  an  impossibility.  I 
have  felt  compelled  in  some  cases  to  omit  from  the  list  forms  of  apparently  oorrect 
determination  until  fuller  notes  or  a  larger  suite  of  specimens  proved  them  not  to 
be  environmental  variations. 
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With  but  few  exceptions,  the  composites  within  our  bounds  do  not  come  into 
full  Hower  until  Julj  and  August.  As  a  rule  the  flowering  season  is  long,  many 
genera  blossoming  abundantly  frpm  July  until  checked  by  the  frosts.  From  the 
middle  of  August  they  determine  the  physiognomy  of  the  vegetation  over  the 
entire  area  of  the  State.  This  is  especially  true  in  the  prairie  region  and  in  open 
fields.  Indeed,  the  great  majority  of  the  composites  of  Indiana  are  found  in  their 
greatest  abundance  and  luxuriance  in  dry  soils  and  in  regions  exposed  to  the  full 
action  of  the  sun.     They  seem  to  be  zerophytes  of  the  xerophytes. 

Some  species  of  Eupatoriumy  Liatria  $picata  and  other  forms,  however,  furnish 
exceptions  as  regards  dryness  of  soil,  while  Poiymnin  and  a  few  others  give  excep- 
tion as  to  light.  Certainly  in  no  other  family  in  our  area  can  xerophytic  adap- 
tations be  so  satisfactorily  studied. 

While  the  flowering  season  is  so  extended,  and  the  consequent  number  of 
achenes  formed  enormous,  it  is  probable  that  but  a  small  proportion  of  them 
germinate.  The  seedlings,  also,  in  all  cases  in  which  experiments  were  tried,  were 
remarkably  sensitive  to  changes  in  temperature  and  moisture.  Almost  every 
other  form  used  was  more  hardy  in  the  seedling  stage  than  the  eompositae.  Ex- 
ceptions to  this  were  the  Ambrottias  and  Ijacttira  Canadensia  L.  In  the  series  of 
ex{)eriraents  the  percentage  of  seeds  germinating  was  very  small  in  the  composita', 
with  the  exception  of  Arctium^  where  the  per  cents,  in  three  experiments  were,  87.5, 
80,  and  87..').  In  Bulens  20  per  cent,  was  the  highest,  in  Laetiiea  25  per  cent.,  in  Am- 
brosia 20  percent.,  while  in  Oniem  out  of  three  plantings  of  80  achenes  each, 
only  two  achenes  germinated.  Under  the  same  conditions  Abutilon  Avicenmi' 
<Taertn,  in  two  experiments  gave  100  per  cent.,  and  in  a  third,  1>6.7.  The  seedlings 
of  this  plant  were  extremely  hardy,  withstanding  wide  ranges  of  temperature  and 
mciisture.  Solanum  nigrum  L  ,  Datura  stramonium  L.,  and  ScrophUaria  nodosa  L., 
Marilandiea  Gray,  invariably  showed  germination  per  cents,  above  eighty-tive. 
The  plants,  other  than  composites,  are  introduced  simply  for  purposes  of  com- 
parison. The  data  given  above  are  derived  from  a  large  number  of  germination 
exi)eriments  conducted  in  the  Laboratories  of  Purdue  university.  In  these  ex- 
periments I  have  endeavored  to  eliminate  possible  error,  and  to  give,  so  far  as 
could  be  determined,  natural  conditions.  The  experiments  cover  some  30  com- 
posite species  distributed  among  15  genera,  and  50  species  representing  families 
other  than  the  composita*.  The  material  was  gathered  in  almost  every  instance 
with  extreme  care  in  order  that  conclusions  might  be  based  upon  known  condi- 
tions. So  far  as  the  ex{>eriments  go  concerning  composiUe,  I  am  convinced  that 
the  distribution  of  this  family  is  largely  limited,  tirst,  by  the  small  germination 
percentage  of  the  achenes;  second,  by  the  extreme  sensitiveness  of  the  seedlings 
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to  heat  and  moisture  changes.  A.  series  of  pots  containing  seedlings  was  subjected 
to  an  artificial  drought  of  five  days.  Of  the  eleven  species  of  composites  all  except 
Ambrona  died.  Of  ten  species  of  other  families,  only  Scrophnlaria  nodosa  Marilandioa 
died.  Repetitions  of  the  experiment  showed  similar  results.  Another  line  of  ex- 
periments showed  that  the  composite  seedlings  were  unable  to  withstand  any  con- 
siderable change  in  temperature,  being  much  more  affected  by  temperature  in- 
crease than  by  its  decrease.  An  increase  of  5®  C,  from  2o°  C.  to  30®  C ,  usually 
proving  sufficient  to  kill  them  or  greatly  retard  their  growth.  When  it  is  remem- 
bered that  the  distribution  of  composites  is  for  the  most  part  in  dry  soil,  in  places 
exposed  to  the  full  force  of  the  sun,  it  is  apparent  that  large  numbers  of  seedlings 
must  perish.  It  is  possible  that  the  danger  of  a  spread  of  these  forms  through 
seed  dissemination  has  been  overestimated. 

Another  fact  indicated  by  the  experiments  was  that  the  achenes  of  the  earlier 
and  later  flowers  were  rarely  viable,  this  being  especially  true  in  HeliarUhus, 

It  is  somewhat  surprising  that  in  a  family  so  dominating  in  species  and  indi- 
viduals there  is  not  included  a  greater  numl)er  of  ^' worst  weeds.''  Considering 
the  immense  size  of  the  family,  the  number  is  astonishingly  small. 

Tarcucacum  invades  the  lawns ;  the  Lactucaf*^  Cnicusy  Arctium  and  Erigeron  the 
fields ;  but  none  of  them  compare  in  noxious  features  with  forms  from  other  fam- 
ilies. Amhrosiay  which  overruns  waste  fields,  i  find  is  considered  by  the  farmers 
as  a  positive  benefit  to  the  land.  Ei-ujeron,  which  a  few  years  ago  was  a  great 
annoyance,  seems  to  have  yielded  to  cultivation,  and  to  have  practically  lost  its 
place  among  bad  weeds.  Doubtless  in  some  places  it  is  still  annoying,  but  the 
evidence  is  that  it  disappears  from  carefully  cultivated  fields.  Chrysanthemum 
Leueanthemum  L.  is  certainly  bad,  but  is  of  restricted  range.  Bidens  is  annoying 
to  the  sheep-raiser,  but  does  not  otherwise  rise  to  the  rank  of  a  "bad''  weed.  For 
the  most  part  the  compositie  seem  perfectly  content  to  occupy  waste  places,  and 
readily  yield  to  man  the  possession  of  the  soil. 

So  far  as  I  have  been  able  to  discover,  none  of  the  species  are  poisonous,  if  I 
except  a  few  reported  instances  of  poisoning  by  forms  of  Cnicva.  Most  of  these 
cases,  I  think,  can  be  referred  to  personal  idiosyncrasy.  I  have  tested  all  the 
forms  of  Cnicus  upon  myself  and  upon  numbers  of  students  without  results  other 
than  were  referable  to  the  mechanical  action  of  the  prickles.  Xanthium  Cana- 
denne  Mill,  is  said  to  be  poisonous  to  the  touch.  ^  If  this  be  true,  the  forms  found 
in  the  State,  X.  ^pxnosum  L.  and  -Y.  ^trnmanum  L.,  are  to  be  regarded  with  sus- 
picion by  persons  susceptible  to  plant  poisoning.  It  ib  to  be  remembered,  how- 
ever, that  even  the  known  poisonous  plants  are  only  poisonous  to  a  small  percent- 


^ Wh\U,  Dtrmatituvrrunata.    Boston,  18i^. 
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age  of  those  touching  them,  and  many  are  only  poisonous  in  certain  stages  of 
their  growth. 

Save  for  the  medicinal  value  of  some  few  forms,  none  within  the  State  are  of 
economic  value,  if  Jerusalem  artichoke  (HelianthuB  tubertmu  L.)  and  the  Dande- 
lion ( Taraxacum  officinale  Weber),  both  of  which  are  occasionally  used  as  food,  are 
excepted. 

Very  few  of  the  compositie  are  eaten  by  animals,  except  by  accident  or  under 
pressure  of  hunger.  They  are  also  largely  free,  at  least  the  Indiana  forms,  from 
plant  diseases.  Their  limitation  in  numbers  and  distribution  I  believe  to  be 
largely  determined  by  the  causes  named  earlier  in  this  paper. 

It  is  not  the  purpose  of  this  paper  to  give  a  full  list  of  the  forms  found  in  the 
State,  but  rather  to  call  attention  to  the  more  general  facts  concerning  their 
distribution. 

I.      LOCAL  FORMS. 

The  species  included  in  this  list,  so  far  as  has  come  to  my  knowledge,  are  only 
reported  from  a  single  locality.  A  close  examination  of  the  list  will  show  that  in 
many  cases  this  apparently  restricted  State  range  is  but  an  indication  of  territory 
that  has  been  closely  and  continuously  worked. 

Vemonia  altimma  Nutt.  Reported  from  Tippecanoe  county  by  Messrs. 
Laben  and  Conner.  The  distinction  between  this  form  and  V.  fcuiciculcUa  Michx., 
turns  upon  the  character  of  the  inflorescence  and  the  surface  of  the  achene.  Any 
one  familiar  with  the  varied  inflorescence  of  V.  faseieukUa  will  see  that  the  ulti- 
mate distinction  is'upon  the  character  of  the  achene.  In  faaciculata  the  achene  is 
smooth;  in  cdtu^aima  hispidulous  on  the  ribs.  In  the  specimens  reported  the 
achenes  were  hispidulous  on  the  ribs  and  the  plant  was  referred  to  cUliasima  Nutt. 
Further  examination  of  the  genus  showed  that  the  achenes  of  V.  Noveboraeewns 
Willd.,  showed  the  same  characters.  The  character  of  the  involucral  scales,  how- 
ever,  excludes  the  form  from  Noveborar^rufU,  V.  aitiwima  Nutt.  is,  therefore, 
added  to  the  State  flora.  In  a  general  way  the  plant  has  the  inflorescence  and 
achene  of  Novfboracen$i«^  the  involucral  scales  oi  fa»eieulaia,  and  leaves  intermediate 
between  the  two.  Its  appearance  is  strongly  suggestive  of  the  possibility  of  its 
being  a  hybrid  form. 

Mikania  acandens  L.  Reported  from  Gibson  and  Posey  counties  by  Dr.  J. 
Schneck.     "Sandy  thickets  along  streams;  rare.''^     There  seems  to  be  no  reason 


•7th  Rep.  Gaol.  Surv.  Ind.,  1875,  p.  5?5. 
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why  this  plant  should  not  be  found  in  other  localities.     It,  i)resumably)  from  what 

is  known  of  its  distribution,  came  into  the  State  from  the  north  and  east* 

LiatiHi*  8i/uarrii9a  Willd.     Gibson  and  Posey  counties,  Dr.  J.  Schneck.     **  Dry 

soil;  rare."^     Another  form  which  is  probably  of  much  wider  range  than  present 
reports  indicate. 

Chryiopsis  viUosdj  Nutt.  Reported  from  Vigo  county  by  W.  S.  Blatchley. 
"  Frequent ;  banks  of  old  canal,  prairies,  etc."  *  This  species  has  evidently  entered 
our  territory  from  the  west  and  mav  be  found  in  the  western  tier  of  counties. 

Solidago  squarroaa  Muhl.  Reported  from  Floyd  county  in  1837  by  Dr.  A. 
Clapp,  and  not  since  recorded  in  the  State.  A  number  of  species  found  in  the 
Clapp  collection  are  in  similar  case.  Their  disappearance  from  our  flora  empha- 
sizes the  importance  of  continuous  regional  study  in  order  that  we  may  have  more 
accurate  knowledge  of  plant  movements. 

Solulng<t  petiolaria  Ait.  Specimens  by  Haird  and  Taylor  from  Clark  county 
have  been  referred  to  this  species.  The  specimens  are  not  entirely  satisfactory, 
but  there  seems  no  doubt  of  the  accuracy  of  the  reference.  The  plant  entered  the 
State  flora  from  the  southwest. 

Solidago  odora  Ait.  (ribson  and  Posey  counti««.  Dr.  J.  Schneck.  "Sandy 
soils,  scarce.'"'  Specimens  have  not  been  examined,  but  the  species  is  admitted 
for  reasons  indicated  earlier  in  the  paper. 

Solidago  rupestris  Raf.  Reported  from  Clark  county  by  Baird  and  Taylor. 
The  inclusion  of  Indiana  in  the  range  of  this  species  in  the  6th  edition  of  the 
Manual  was  doubtless  based  upon  this  collection. 

BrachychfrAa  eordafa  Torr.  and  Gray.  Jefferson  county.  For  full  notes  on 
this  form  reference  is  made  to  yotetcorthy  Indiana  PhanerogcnnSy  in  Prot*.  Ind. 
Acad.  Sci.,  1895,  p.  189. 

Senoearpui*  nolidaginemt  Nees.  In  the  Clapp  collections  of  1834-157,  from 
Floyd  county.     It  does  not  seem  to  have  been  recorded  since  that  time. 

Aster  maciophffilni'  L.  This  form  from  the  north  is  reported  from  Noble 
countv,  bv  Mr.  \V.  H.  Van  Gorder. 

A»trr  Drummondii  Lindl.  Reported  as  **fre<iuent  in  low,  open  pastures  and 
prairies"'-  in  Vigo  county,  by  W.  S.  Blatchley.  A  western  form  very  close  to 
A.  8'f gi it i folium  Willd.,  and  possibly  a  mere  geographical  variety. 


•Ibid,  p.5-V>4. 

*  Blatchley,  W.S.,  C«»mp«»aita;  of  Vij?o  County.    In  eJ. 

*  7th  Kcp.  Geol.Surv.  Ind.,  1875,  p.  536. 

*  Blatchley,  W.  S.    Cmnpositae  Vigi»  county.    In  ed. 

*  Since  this  wap  in  type,  Mr.  W.  S.  Blatchley,  under  date  of  September  20, 1897,  siendft  me 
abundant  specimens  of  this  form  from  Lake  county.  He  reports  it  as  "  growing  plentifully 
over  bushes  on  the  mucky  marfrin  of  u  stream,  four  miles  east  of  Hebron." 
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A.'iter  viintjutts  Lam.,  foUolot^im  Gray.  This  form  is  reported  from  Franklin 
county  by  ().  M.  Meyncke.  So  far  as  1  am  able  to  jud^e  the  reference  is  correct, 
altliough  the  well-known  ditiiculty  of  separating  the  group  of  species  in  which  it 
is  found  renders  absolute  oertainty  imi>ossible. 

Aaterjuncens  Ait.  Reported  from  Clarke  county  by  Baird  and  Taylor  is  in 
all  pr<>bability  not  a  member  of  the  State  flora.  The  very  scant  specimen  I  have 
examined  from  the  Clark  county  locality  is  probably  -4.  Non-Belgil  L.  As  the 
specimens  fit  the  latter  as  well  as  they  do  jnnrtu»,  range  probabilities  lead  to  the 
exclusion  of  A.juncf'ns  Ait.,  from  the  State  flora. 

Ambrosia  bidentata  Michx.     Reported  as  *'  common,  dry  prairies""  in  Gibson 
and  Posey  counties  by  Dr.  Schneck.     From  the  west  and  probably  to  be  found  as 
far  north  as  Vermillion  county,  although  the  (libson  and  I'osey  county  station 
the  only  one  reported. 

liudberkia  specioMi  Wenderoth.  Reported  from  Jeflerson  county  by  J.  M. 
Coulter.  The  specimen  has  not  been  examined,  but  is  admitted  upon  the  author- 
ity of  the  collector. 

Rudbec/cui  fuJgida  Ait.  Reported  by  Dr.  A.  J.  Phinney  from  Jay,  Delaware, 
Wayne  and  Randolph  counties.  Dr.  Phinney  states  that  his  specimens  were  veri- 
fied by  Dr.  John  M.  Coulter.  The  species  is  therefore  admitted,  althoigh  so 
marked  a  form  should  not  rest  upon  a  single  reference. 

He'iwUhus  /iV/wZ/M  Desf.  Jay,  Delaware,  Wayne  and  Randolph  counties, 
Dr.  A.  J.  Phinney.  The  form  is  very  characteristic  and  could  scarcely  be  mis- 
taken. It  is  probably  a  member  of  the  State  flora,  although  its  more  natural  lo- 
cation would  be  the  western  portion  of  the  State. 

Helianthns  occidentals  Riddell.  St.  Joseph  county.  Reported  by  Dr.  Charles 
R.  Barnes  and  verified  by  abundant  specimens. 

HeliaiUhuK  tamentosui*  Michx.  Reported  from  Clark  county  by  Baird  and 
Taylor,  is  probably  an  incorrect  reference.  No  specimens  have  been  examined 
and  th«  range  probabilities  are  sharply  against  its  presence  in  the  State. 

CoreopxiA  auriculata  L.     Clark  county,  Baird  and  Taylor. 

Coi'copnin  discoidea  Torr.  and  Gray.  A  specimen  of  this  species  is  in  the  Pur- 
due htrbarium  labelled  Gibson  county.  No  collector's  name  is  given.  The  plant 
is  not  included  in  Dr.  Schneck's  Flora  of  Lover  Wabash  Valleif.  The  identification 
is  correct,  the  only  question  whi<'h  arises  is  concerning  the  locality.  1  know  of 
no  collector  other  than  Dr.  Schneck  in  that  region.  Cpon  the  specimen,  the 
species  is  admitted  to  the  flora. 


"  7th  Geol.  Rep.  Ind.,  1875,  p.  537. 
12 
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Bidens  Btckii  Torr.  Reported  by  W.  W.  Chipman  from  a  single  locality  in 
Kosciusko  county.  Mr.  Chipman  secured  abundant  material  of  this  interesting 
species  which  is  northern  in  mass  distribution. 

Hymenopappus  8cabio9aeu.%  L*Her.     **  Scarce  on  sandy  knolls  ""  in  Vigo  county 
Reported  by   W.  S.  Blatchley.     This  is  only  one  of  a  large  number  of  plants 
added  to  our  flora  by  the  careful  investigations  of  Mr.  Blatchley.     The   plant 
entered  the  State  from  the  southwest.     Verifying  specimens  in  De  Pauw  univer- 
sity herbarium. 

Artemisia  Caiiadeiisit  Michx.  Lake  county,  E.  J.  Hill.  For  full  report  see 
Noleivorlhy  Indiana  Phaneroyaimty  Proc.  Ind.  Acad.  8<*i.,  1895,  p.  191. 

Artemima  annua  L.  A  Gibson  county  specimen  with  no  further  data.  In- 
vestigation indicates  that  it  is  probably  not  uncommon  in  the  State,  although  not 
definitely  reported  from  other  localities. 

Artemisia  Absinihium  L.  Escaped  and  well  established  in  Gibson  and  Posey 
counties.     Not  reported  from  any  other  locality. 

Seneeio  paliislrU  Hook.  This  species,  reported  from  Clay  county  by  D.  T. 
MacDougal,  is  represented  by  specimens  in  the  DePauw  herbarium.  I  have  ex- 
amined the  forms  and  believe  the  determination  accurate.  Range  probabilities 
would  suggest  the  form  to  be  5.  lobatu8  Pers.,  but  the  **  20  or  more  roj/*<"  seem 
sufficient  grounds  for  holding  to  the  original  reference.  It  is  probable  that  the 
range  as  indicated  in  the  manual  should  be  somewhat  extended  southward. 

Cacalia  tuberosa  Nutt.  Reported  from  LaPorte,  La  Porte  county,  by  Dr.  C.  R. 
Barnes.  I  have  also  found  this  species  in  fair  abundance  in  the  low  ground  to  the 
south  and  west  of  Pine  Lake,  near  LaPorte.  Abundant  herbarium  specimens 
verify  the  reference.  The  form  has  probably  a  much  more  general  distribution 
through  the  northern  portion  of  the  State  in  wet  lands. 

Cnieus  horridulua  Pursh.  Reported  from  Putnam  county  by  D.  T.  MacDougal, 
with  verifying  specimen  in  herbarium  of  DePauw  university.  The  reference  is 
incorrect.  The  specimen  is  Cnicus  lanceoUUns  Hoffm.,  in  which  the  leaf  prickles 
have  a  yellowish  caste.  With  this  exception  the  form  is  the  typical  laneeolatus. 
Onims  horridultis  is  a  coast  plant,  and  should  be  excluded  from  the  State  flora. 

CniciLx  Piteheri  Torr.     Lake  county,  E.  J.  Hill." 

CiiicuA  pumiiiut  Torr.     Lake  county,  E.  J.  Hill.  ^" 

Cnicus  liiUii,  W.  M.  Canby.     Lake  county,  E.  J.  Hill.^» 


"Blatchleyt  W.  S. :    rompositoe  of  Vigo  county.    In  ed. 

"Coulter,  Stanley  :  Noteworthy  Imiian  i  Fhiineroffiims,  Prof.  Ind.  A.caJ.  J^cL,  1896,  p.  193. 
'"Ibid.,p.l9:<. 
»'lbid.p.l93. 
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Cickorium  IrUybus  L.  Reported  from  Noble  county  by  W.  B.  Van  Gorder. 
This  form  escapes  readily  from  cultivation,  and  to  my  personal  knowledge  has 
made  a  foothold  for  itself  in  several  localities  in  the  State.  This  is  notably  true 
in  Jefferson  county.    The  only  specimens,  however,  are  from  Noble  county. 

Hieracium  Canadense  Michx.  Reported  from  Lake  county  by  E.  J.  Hill. 
The  form  will  probably  be  found  to  be  confined  to  the  northern  counties  in  favor- 
able localities,  its  mass  distribution  being  northerly. 

Uierarium  longipUum  Torr.  ** Prairies  and  open  woods,  common,"*^  Gibson 
and  Posey  counties.  Dr.  J.  Schneck.     From  the  north. 

Prenanthes  aerpentaria  Pursh.  Listed  from  Clark  county  by  Baird  and  Taylor. 
No  specimens  have  been  examined.  The  species  is  eastern  in  its  distribution, 
and  the  reference  Is  probably  incorrect.  Excluded  from  the  State  flora  in  absence 
of  verifying  specimens. 

The  following  forms  seem  to  be  limited  within  the  State  to  the  northern 
counties: 

Solidago  striata  Ait.  Reported  from  St.  Joseph  county  by  I>r.  C.  R.  Barnes, 
and  from  Noble  county  by  W.  B.  Van  Gorder.  From  the  north,  and  probably  to 
be  found  in  favoring  localities  in  low,  damp  ground  in  the  northern  tier  of 
counties. 

Solidago  uiiginom  Nutt.     Lake,  St.  Joseph  and  Noble  counties. 

Solidago  Riddellii  Frank.  Reported  from  Noble  county  by  W.  B.  Van  Gor- 
der; from  Tippecanoe  county  by  Prof.  Hussey;  from  Jay,  I>elaware,  Randolph 
and  Wayne  by  Dr.  Phinney.  The  Noble  county  reference  is  well  authenticated 
and  sufficient  to  admit  form  to  State  flora.  The  Tippecanoe  county  specimen  is 
unsatisfactory,  being  both  scant  and  incomplete.  No  special  feature  excludes  it 
from  the  reference,  nor,  on  the  other  hand,  does  any  marked  character  require 
the  reference.  I  am  inclined  to  think  the  Tippecanoe  county  specimen,  S.  Ohio- 
ermsy  Riddell,  a  species  of  known  occurrence  in  the  county.  Dr.  Phinney's 
specimens  are  not  accessible.  As  it  stands.  Noble  county  is  the  only  authenticated 
station  for  the  species. 

Solidago  tenuifoUa  Pursh.  Reported  from  Jasper  county  by  Dr.  C.  R.  Barnes, 
and  authenticated  by  abundant  specimens  in  the  Purdue  herbarium.  Also 
included  by  Dr.  Phinney  in  his  list  of  Jay,  Delaware,  Wayne  and  Randolph 
counties. 

Coreopsiii  pcUmataj  Nutt.  Laporte  and  St.  Joseph  counties,  reported  by  Dr. 
Barnes.     Specimens  in  Purdue  herbarium.     Probably  from  the  northwest. 


•  '7th  Geol.  Surv.  Ind.  1875,  p.  541. 
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Artemii^ia  caudatu  Miirliz.  This  8i>ecie8,  which  has  heretofore  had  its  sole  sta- 
tion in  Lake  county,  but  which  I  intimated  should  be  found  more  widely  distrib- 
uted,*^ has  an  additional  station  reported  in  Fulton  county  by  Dr.  Robert 
HcMsler.     The  specimens  were  examined  and  are  unquestionable. 

Artemimi  Cunadensim  Michx.  *  * 

Prenanthes  racemoHa  Michx.**  Formerly  reported  only  from  Lake  and  Noble 
counties,  has  been  rei>orted  from  Cass  county  by  Dr.  Hessler.  Abundant  speci- 
mens were  submitted  to  the  survey. 

The  following  species,  so  far  as  can  be  determined,  seem  to  be  restricted  in 
range  to  the  southern  portion  of  the  state.^  It  is  probable,  however,  that  mone 
extended  study  will  extend  many  of  these  ranges. 

RlephaiUopm  Carolinianm  Willd.  Reported  only  from  (libson,  Posey,  Jeffer- 
son, Clark,  Daviess  and  Vigo  counties. 

EupcUorium  ctvUMinum  L.  Reported  from  Gibson,  Posey,  Jefferson,  Franklin, 
Monroe  and  Daviess  counties.  There  seems  to  be  no  reason  why  it  should  not  be 
found  throughout  the  State,  as  the  mass  distribution  of  the  form  is  northward. 

Solidago  negleeta  Torr.  and  (iray.  Reported  fn)m  Jefferson  county  by  John 
M.  Coulter,  and  from  Clark  county  by  Baird  and  Taylor.  The  Clark  county 
specimen  has  not  been  examined.  The  Jefferson  county  specimen  in  the  Purdue 
herbarium  is  V.  argufa  Ait.  In  absence  of  further  data,  the  form  is  excluded 
from  State  flora,  the  range  probabilities  being  against  its  occurrence  in  the  locali- 
ties cited.  If  found  in  the  State  it  will  probably  be  in  the  swamps  of  the  northern 
counties. 

Solidago  Shortii  Torr.  and  Gray.  Floyd  county,  1837,  Dr.  A.  Clapp.  Re- 
ported also  from  Clark  county  by  Baird  and  Taylor.  Indiana  probably  repre- 
sents the  eastern  limit  of  this  species. 

Boltonui  asUroidea  L*  Her.  Reported  from  Gibson,  Posey  and  Jefferson  coun- 
ties.    Also  included  in  Dr.  A.  J.  Phinney*s  list  of  the  central-eastern  counties. 

Aster  erirnid^A  L.,  villosus  Torr.  and  Gray.  This  variety  should  be,  and  prob- 
ably is,  fairly  abundant  in  the  State.  It  is,  however,  only  definitely  reported 
from  Jefferson,  Franklin  and  Vigo  counties. 

Erigeron  dimriciUus  Michx.  In  the  Sixth  Edition,  Gray's  Manual,  the  range 
given  is  "  Indiana  to  Minnes^ota,  and  southward."  The  sftecies,  however,  is  only 
reported  from  Jefferson,  (»ibson  and  Posey  counties.  In  both  localities  it  is  said 
to  be  "not  abundant." 


"Coulter,  Stanley  :    Xoteworthy  Indliana  Phanerogams.    Proc.  Ind.  Acad.  Sci.,  IS95, 
p.  191. 

"Ibid.,  p..  192. 
"Ibid.,  p.  191. 
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Ptucht^a  eamphorata  DC.  In  Jefferson  county,  on  river  lianks.  In  Gibson 
and  Posey  counties,  *' common  in  rich  clearings  and  moist  glades.'' 

Pofymnia  Ui^dcUia  L.  A  species  found  in  moist  and  miry  places.  Reported 
only  from  Gibson,  Posey,  Jeflferson,  Franklin  and  Clark  counties. 

EcUpia  alb€i,  Hassk.  Probably  occurring  throughout  State,  but,  so  far  as  re- 
ports go,  not  found  north  of  Johnson  county.  Very  abundant  and  variable  in 
the  more  southern  counties. 

HelhpsU  laevi$  Pers.  Reported  stations  of  this  species  indicate  that  it  is  not 
found  farther  north  than  Johnson  county.  As  in  the  preceding  species,  its  mass 
distribution  in  the  State  is  evidently  southern. 

Heliojysis  seabra  Dunal.  Reports  indicate  this  species  to  be  southern  in  its  dis- 
tribution.    Putnam  county  represents  the  northern  station  in  the  State. 

HeliarUhus  parvijlonts  Bernh.  This  form  is  reported  from  Gibson,  Posey,  Jef- 
ferson and  Franklin  counties,  and  in  the  list  of  Dr   Phinney. 

Helianihtu  doronicoides  Lam.  Is  reported  from  the  same  localities  as  the 
preceding  species,  with  Putnam  county  as  an  added  station.  There  is  no  ap- 
parent reason  why  both  forms  should  not  be  of  more  general  distribution. 

Anthemis  arvewia  L.  Reported  from  Monroe  and  Clark  counties.  The  occur- 
rence of  the  species  within  our  boundary  is  exceptional,  and  it  is  a  question  as  to 
whether  it  has  maintained  its  place  in  the  localities  in  which  it  was  found. 

Chrynanthemurn  Parihenium  Pers.  Reported  from  (xibson,  Posey  and  Clark 
counties.  The  position  of  these  '* escapes"  in  a  local  flora  is  very  questionable. 
I  am  inclined  to  exclude  such  forms  from  the  State  list  unless  the  form  generally 
escapes  from  cultivation  and  successfully  maintains  itself  for  a  series  of  years. 

Onopordon  Acanthium  L.  Doubtfully  admitted  on  reports  from  Jefferson 
county  by  Dr.  John  M.  Coulter,  and  from  Clark  county  by  Baird  and  Taylor. 

Centaurea  Cyanus  L.  This  species  undoubtedly  escapes  at  times  from  cultiva- 
tion. It  is  so  reported  from  Gibson,  Posey,  Clark  and  Monroe  counties.  Its 
admission  to  the  State  flora  will  depend  U])on  proof  that  it  has  maintained  itself 
in  the  localities  in  which  it  has  escaped. 

Hieracium  paniculcUnin  L.  Reported  from  Clark,  Monroe,  Jefferson  and  Har- 
rison counties.  While  no  range  improbabilities  intervene  the  somewhat  scant 
specimens  examined  are  perilously  close  to  H.  srabrum  Michx.  The  well  known 
variability  of  the  latter  species  in  our  range  leads  to  a  slight  degree  of  uncertainty 
in  the  reference.  The  number  of  flowers  in  the  head,  12-20,  however,  determined 
the  reference. 

Hiei'oeium  venosnm  L.  This  species  is  reported  from  the  ** Knobs"  by  Dr. 
Barnes  and  from  Monroe  county  by  Mr.  Blatchley.     Its  mass  range  is  decidedly 


170 

to  the  north  of  these  localities,  and  it  may  be  looked  for  with  confidence  in  the 
northern  portions  of  the  State. 

Prenanthes  a^pera  Michx.  As  reported,  this  species  is  confined  to  Jefferson 
and  Clark  counties.     There  is  reason  to  believe  it  of  more  general  distribution. 

Laciuta  hirguta  Muhl.,  L.  Floridana  Gaertn.  and  L,  eucophfpa  Gray,  are  all 
confined  to  the  southern  counties,  Monroe  being  the  extreme  northern  reference 
in  any  case. 

Only  one  form  appears  to  be  strictly  western  in  its  State  distribution. 

Solidago  MmouriensU  Nutt.  This  species  is  reported  from  Jasper  county  by 
Prof.  Barnes,  but  with  this  exception  is  confined  to  counties  bordering  the  Wabash 
River  as  far  south  as  Gibson  and  Posey. 

It  is  thus  seen  that  3(>  species  have  a  nngle  reported  station ;  that  8  species 
are  strictly  northern,  24  species  southern  and  1  species  western  in  distribution 
within  our  territory.  The  range  of  many  of  these  69  species  will  doubtless  be  ex> 
tended  as  the  result  of  further  study.  The  remaining  144  species  of  the  family 
are  so  generally  reported,  or  are  reported  from  such  widely  separate  stations  as  to 
make  it  probable  that  they  are  found  throughout  the  State  in  greater  or  le^s 
abundance.  In  many  cases  the  distribution  of  these  general  forms  is  so  thor- 
oughly worked  out  as  to  give  with  a  fair  degree  of  certainty  the  determining  fac- 
tors in  the  distribution.  It  is  impossible  in  this  paper  to  give  in  detail  illustrative 
cases.  In  a  general  way,  water  courses  may  be  said  to  be  an  important  determin- 
ing factor.  In  fhe  case  of  Liatris  pycnostaehya  Michx.,  a  prairie  form,  the  south- 
ward extension  of  the  species  from  the  prairie  region  is  found  to  follow  closely 
the  course  of  the  Wabash  River  as  far  south  as  Gibson  and  Posey  counties.  The 
same  thing  is  true  in  n  less  marked  degree  of  Eupatorium  sessili/olium  L.,  which 
nowhere  wanders  far  from'  water  ways. 

The  prevailing  winds  play  a  large  part  in  the  direction  of  movement  of  com- 
posite species.  After  lodgment  has  once  been  obtained,  the  direction  in  which 
any  given  form  spreads  seems  in  many  cases  to  be  absolutely  conditioned  by  the 
direction  of  the  prevailing  winds  at  the  season  of  the  dissemination  of  the 
achenes.  A  number  of  lines  of  distribution  are  easily  attributable  to  this  con- 
ditioning factor. 

The  great  trunk  lines  of  railway  may  serve  to  introduce  new  forms,  many  may 
find  lodgment  because  of  impure  seed  supplies  furnished  the  agriculturists,  but 
the  after  distribution,  with  but  few  exceptions,  is  determined  by  water  courses  and 
prevailing  winds. 

To  a  slight  degree  within  our  area  the  elevation  seems  to  determine  distribu- 
tion.    Thus  our  extreme  southwestern  counties  are  but  300  feet  above  sea  level, 
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while  the  remainder  of  the  State  ranges  from  700-1,100  feet  above  sea  level.  A 
single  instance  illustrates  the  point.  Solidago  laiifolia  L.  is  found  abundantly 
throughout  the  State,  with  the  exception  of  the  extreme  southwestern  counties. 
It  is  found,  however,  in  the  higher  land  a  little  to  the  west  in  Illinois,  and  a  little 
to  the  south.  Other  forms  occur  which  indicate  that  even  a  slight  change  of 
elevation  may  at  times  enter  as  a  very  positive  factor  in  distribution. 

I  ask  the  botanists  of  the  State  in  their  future  study  of  composite  forms  to 
devote  more  time  and  care  to  ecologic  observations,  since  by  this  means  only  can 
our  State  Hora  he  made  of  such  nature  as  to  be  readilv  correlated  with  work  done 
in  other  parts  of  the  country.  Many  lists  are  a  weariness  to  the  flesh,  but  ecologic 
facts  do  good  as  a  medicine. 


Additions  to  the  Published   Lists  of  Indiana   Cbyptooams.     By   Lucien 

M.  Underwood. 

The  following  plants,  mostly  collected  during  my  connection  with  the  State 
Biological  Survey,  have  not  been  reported  as  growing  in  Indiana,  and  may  prop- 
erly be  noted  in  this  connection.  All  are  represented  by  specimens  in  my  her- 
barium: 

UNREDINEiE. 

Atcidium  Oyparissitr  DC.  On  Euphorbia  eommutataj  Montgomery,  5,  1895 
(Olive). 

Coleosporium  ipomoeic.     On  Ipomoetf  pandurata^  Tippecanoe,  9  1895  (Arthur). 

THELEPHORACE^.. 

Corticium  alutarium  B.  &  C.     Putnam,  10,  1892. 
Corticium  caUrum  Fr.     Putnam,  5,  10,  1893;  12,  1894. 
Corticium  cinereum  Pers.     Putnam,  12,  1891. 
Corticium  fiilametUosnm  B.  &  C.     Putnam,  10,  1892;  12,  1894. 
Corticium  lacteum  Fr.     Putnam,  6,  9,  1893. 
Corticium  lividum  Pers.     Putnam,  5,  10,  1893. 
Corticium  oehraeeum  Pers.     Putnam,  10,  1891. 
Corticium  portentosum  B.  &  C.     Putnam,  10,  1892. 
Corticium  rubropaUeru  Schw.     Putnam,  10,  1893, 
HymcnoehaUe  fuUginom  (Pers.)  Lev.     Putnam,  12,  1894. 
HymenoehHe  purpurea  Cke.  &  Morg.     Putnam,  9,  1893. 

Peniophora  einerescens  (Schw.)  Sacc.     Should  stand  in  place  of  Hymenochrte 
cincrescens  previously  reported.     Putnam,  10,  1891 ;  12,  1894. 
Stereum  coffeatum  B.  &  C.     Putnam,  12,  1891. 
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Stereum  hir^utnm  (WiWil)  Fr.     Putnam,  10,  1898;  12,  18t)4. 

Stereum  ochra^eofldvum  Scbw.     Vi^o,  10,  18JK>. 

Thelephora  tephrolenca  B.  Jk  C.     Putiinin,  7,  1894  (Melia  Ellis). 

A(iAJ?ICACE.t:. 

CoUyhin  zonatn  Pk.      At  the  font  of  a  maple,  Putnam,  S,  1890. 

LYCOrERDACK.K. 

Gcd.'^terjiinifridtumVr.     Piitnam,  11,  1894. 

Lfinanea  eaten ulaUi  ^rows  in  abundance,  forming  fringes  on  the  rocks  above 
the  upper  fall  (Kel  River  Falls  Owen  County),  where  I  collected  it  in  May,  1893. 
According  t«»  Dr.  Atkinson  this  species  has  not  before  been  reported  from  America. 
Its  Cliantransia  sta^e  is  still  a  <lesideratum.  The  plant  was  distributid  in  Setchell, 
Holden  and  Collins:   Phycofhtca  Ann ricana. 

Additional  Hosts  for  Indiana  fungi  previously  reported. 

Carex  PenuHj/lninira  (Puccinia  caricis).     Montgomery,  5,  1895  (Olive). 

Galium  ajMirinn  (Piiccinia  galii).     Montgomery,  5,  1895  (Olive). 

Ipoiinni  nil  (Albuf/o  ipointur-jxinHnrinn),     Tippecanoe,  9,  1895  (.-Vrtkur). 

PhoMohiM  (liversi/olius  {  Vroiii\jc€A  opp*niliculatun^.    Tippecanoe,  9,  1895  I  Arthur*. 

Columbia  I'niversity,  2r>  December,  189t>. 


Changes  jn  the  Pith  Cell  Preliminary  to  the  Development  of  Cavities 

IN   THE   StKMS   of   SoME   GrASSES.       Kv   (lEORiiK   .).    PlERCE. 


The  Bacteriolo(4Ical  Flora  of  the  Air  in  Stahles.      Hy  A.  \V.  Bitting 

AND  Chab.  E.  Davis. 

During  the  tirst  live  months  of  the  present  year  a  study  was  conducted  to 
determine  the  number  of  bacteria  found  in  the  air  in  stables  and  to  determine 
whether  a  relationship  existed  between  the  number  of  germs  found  in  the  air  and 
the  sanitary  condition  of  the  place. 

Ten  barns  and  stables  were  selected,  representing  fairly  well  good,  average 
and  j>oor  sanitary  c(mditions.  Fifteen  tests  of  the  air  were  made  inside  the  build- 
ings with  Hesse's  apparatus  and  a  corresponding  number  of  tests  made  on  the 
open  air  at  the  same  time.  The  average  number  of  colonies  develo[»ed  per  liter 
from  the  air  inside  the  stables  was  8r> ;  the  average  number  of  colonies  developed 
per  liter  from  the  air  outside  the  stables  was  27.  Thirty  tests  were  made  by  Petri 
dish  exposures  for  two  minutes  each  in  the  air  inside  the  stables  and  fifteen  testH 
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MiKth  of  tiiiif  mit^Mi-  the  staKlf".  The  iVlri  dixli  (M[[>nsi>res  wtre 
mr  time  thi>  Ht'ase  li-ts  were  iii:iile.  Tile  uvera^e  iu]t[il)er  of  oloities 
ilntca  cxpusetl  iiHide  [he  slahlcs  h'Ui<  174.  unil  'm  fur  Ihiwe  cxpoied 
f.  In  uliuiisl  ewrv  caM.'  tlic  tiiimlier  uf  KCrmx  ublULiii-d  lij  both 
it  us  n  nil  Petri  ili-li  exposiiren  van  greuter  iiiniile  lliiiii  uutsiiie  Ihe 
stahles.  It  wiis  ileteriiiiiieil  llial  thf  iiiiinWr  of  genus  per  liii>r  of  air  could  not  be 
tuken  an  un  imlex  of  the  sauitiirv  siirrouiiiliiig>.  The  dual  caused  1>y  the  feeding 
operation,  the  moving  uf  bedding,  currying,  «tc.,  hnve  more  to  do  with  tiie  uutiiber 
of  germH  wiiich  will  be  drnwn  into  a  H«»>e  tube  or  fall  upon  ■  Petri  dish  thsn  has 
Inck  (if  ventilation.  A  boic  stall  with  sides  and  ceiling  lined  with  matched  lumber 
with  no  place  for  ventilation  or  the  admission  of  food  except  a  lightly  closing  door 
chowed  the  fewest  germs.  The  air  became  so  foul  in  iwenty-four  to  thirty  hours 
ihatui'ule  catarrh  developed  in  the  three  different  horses  confined  in  it  during  tbe 
experiment. 

A  description  of  eighteen  fortus  studied  in  detail  is  herewith  Bp|>oiided  : 
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FORM  No,  ]. 
Obtikinvd  fnim  the  sir  of  the  stable  in  tlie  hur.- 
Morpholofiji,  a  diplococciiB  1  tit  1.5"  in  diamete 
joined  logeliier. 

Siologiral  Charai'ltr'.  An  nrobic,  liqnefjing  u 
vsrinus  media  al  ruom  leuiperature.  In  Bouilliin  it 
eedituent  is  fornied  in  bcidoni  of  the  (iilie.  In  Gel 
CUTM  only  at  the  Hnrface;  is  not  luxnrinnt,  of  u  n'li 
faclion  which  is  covered  with  s  while  tiliu.     It  ^ro 


iteh  lurhidily  ami  a  while 
Stii'k  cllllllre,  growth  oc- 
olor;  prodilcinf;  a  tiijiie- 
1  temperature  of  102°  F. 


pro.liicingii  whU 
reddiHh  growth  u 


e  growth 


aiil  growth.     On  Potato  it  nivta  n  Itixiiri 
nlenningled.     On  Attar  Plate  the  color 
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are  white,  slick,  smooth  surface,  regular  outline  with  a  finely  granular  portion  at 
the  edge.  On  Agar  Streak  it  gives  a  cream -colored,  raised  convoluted  growth 
with  folds  running  from  the  center  to  the  edge.  On  Lactose  Litmus  Agar  Plates 
the  colonies  were  large.  They  produce  no  change  in  the  litmus,  showing  that  lac 
tic  acid  is  not  formed. 

FORM  No.  2. 

Ohtained  from  the  air  in  the  Purdue  horse  barn.     The  form  is  very  abundant. 

Morphology,  A  micrococcus  1  to  Lo'^  in  diameter.  It  often  occurs  in  masses 
of  three  or  four. 

Biological  Characters.  A  liquefying,  motile  aerobic,  micrococcus.  In  Bouillon 
it  produces  turbidity  and  forms  a  yellow  ring  on  tube  at  surfaces  of  the  liquid.  A 
jellow  precipitate  collects  in  bottom  of  tube.  On  Potato  it  produces  a  raised, 
yellow,  granular  growth  along  the  streak.  In  Gelatine  Stick  culture  a  yellowish 
growth  occurs  only  on  the  surface  which  liquefies  the  gelatine.  On  Agar  Plate  the 
colonies  are  of  a  brownish  color,  of  irregular  outline  and  of  a  granular  appear- 
ance. The  colonies  that  grow  on  the  surface  are  larger  than  those  that  grow  on 
the  bottom  of  the  plate.  This  form  grows  at  a  temperature  of  102°  F. ;  giving  a 
medium,  irregular,  white  slick  growth  along  the  streak.  On  Agar  Streak  it  forms 
a  light  yellowish,  granular  growth  of  irregular  outline.  On  Lactose  Litmus  Agar 
plates  the  colonies  are  large  and  white.  They  produce  a  small  amount  of  lactic 
acid. 

FORM  No.  3. 

Obtained  from  the  air  in  the  Purdue  cattle  bam.  Only  a  few  colonies 
obtained. 

Morphology.  A  bacillus  4"  in  length  and  about  I"  in  width.  It  occurs  in 
short  chains. 

Biological  Characters.     A  liquefying  facultative  anaerobic,  motile  bacillus. 

In  Bouillon  a  white  flacculent  mass  forms  both  on  the  surface  and  in  the 
liquid.  In  Gelatine  Stick  cultures  it  produces  a  slight  white  growth  along  the 
puncture.  It  gives  a  light  brownish,  slick,  luxuriant  growth  at  a  temperature  of 
102°  F.  It  grows  over  the  whole  surface  of  the  Agar  and  colors  it  brassy.  On 
Potato  it  gives  a  raised,  wrinkled,  luxuriant,  white  powdery  growth.  On  Agar 
Streak  it  forms  a  convoluted,  raised,  white  growth,  which  is  slightly  granular  at 
the  edge.  The  colonies  on  Agar  Plate,  white  with  a  pale  spot  in  the  center 
and  are  fringed  at  the  edge.  On  Lactose  Litmus  Agar  Plates  the  colonies  are 
white,  raised,  wrinkled,  with  a  granular  growth  around  the  edge.  The  litmus  is 
changed  slightly  pink,  showing  a  small  production  of  lactic  acid.  The  growth 
on  this  media  is  quite  rapid. 
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FORM  No.  4. 

Obtained  from  the  air  in  the  Purdue  horse  barn.  This  form  is  quite 
abundant. 

Morpholoyy.     A  bacillus  3"  long  and  1"  in  width. 

JBiologiecd  Characters.     A  facultative  anterobic  bacillus. 

In  Bouillon  it  produces  turbidity  and  a  white  sediment  forms  in  bottom  of 
tube.  On  Potato  it  forms  a  luxuriant,  light  brownish,  raised  growth.  The 
growth  at  a  temperature  of  102°  F.  is  very  luxuriant  over  the  whole  surface  of 
Agar  and  has  a  slick  appearance.  On  Agar  Streak  it  produces  a  greenish  slick 
growth  only  along  the  streak.  On  Agar  Plate,  pale  white  colonies  with  a  smooth 
outline  are  found,  which  later  turned  slightly  green.  The  colonies  which  grow 
on  the  surface  are  larger  than  those  on  bottom  of  the  plate.  On  Lactose  Litmus 
Agar  it  produces  no  change  in  litmus,  showing  that  this  form  does  not  produce 
lactic  acid. 

FORM  No.  5. 

Obtained  from  the  air  in  the  Purdue  sheep  barn. 

Morphology,     A  diplococcus  about  1"  in  diameter. 

Biological  Characters,  A  liquefying,  motile  nerobic,  non-spore  forming  diplo- 
coccus. It  grows  in  various  media  at  room  temperature.  In  Bouillon  it  pro- 
duces turbidity,  and  forms  a  white  precipitate  in  the  bottom  of  the  tube.  In 
Gelatine  Stick  a  white  growth  forms  only  on  the  surface.  The  growth  at  a  tem- 
perature of  102°  F.  is  very  slight,  and  is  of  a  pale  white  or  bluish  color.  On 
Potato  a  whitish  growth  forms  over  the  whole  surface  of  the  Potato.  On  Agar 
Plate  small  white  colonies,  with  smooth  outline  and  smooth  edges,  are  formed. 
They  grew  as  luxuriantly  on  the  bottom  of  plate  as  on  the  surface  of  the  Agar. 
On  Lactose  Litmus  Agar  a  portion  of  the  litmus  is  colored  pink,  showing  that  a 
small  quantity  of  lactic  acid  is  produced. 

FORM  No.  6. 

Obtained  from  the  veterinary  hospital  when  the  ventilation  was  very  poor. 

Morphology,     A  bacillus  from  2  to  3"  in  length  and  i^  in  width. 

Biological  Characters,  A  liquefying  aerobic,  motile,  a  trembling  motion,  spore 
forming  bacillus.  It  grows  on  various  media  at  room  temperature.  In  Bouillon 
it  causes  considerable  turbidity,  but  forms  only  a  slight  sediment.  On  Potato  it 
produces  a  yellowish,  raised,  wrinkled  growth.  In  Gelatine  Stick  it  liquefies  the 
gelatine  on  the  surface  and  forms  a  white  scum  over  the  part  that  is  liquefied.* 


•*  See  Plate  No.  10. 
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On  Agar  Plate  it  fornix  small  white  irre|?ular  colonies  which  are  fringed  at  the 
edge.  The  growth  at  a  ti'mperature  ol  102^  F.  is  white,  smooth,  very  Inxuriant, 
and  grows  over  whole  surface  of  Agar.  On  Lactose  Litmus  Agar  Plate  the  col- 
onies are  white  and  produce  a  slight  change  in  the  litmus,  showing  the  produc- 
tion of  a  small  amount  of  lactic  acid. 

FORM  No.  7. 

Ohtained  from  the  vetcrinarv  hospital. 

Morphology.     A  sarcena  about  1'."  across. 

Biological  Characterji.  A  non-liquefying  icrobic  sarcena.  It  grows  in  most 
media  at  room  temperature.  In  Bouillon  it  produces  turbidity  and  forms  a  white 
sediment  in  bottom  of  tube.  On  (ielatine  Stick  cultures  a  very  slight  yellow 
growth  forms  on  the  surface.  On  Agar  Streak  it  gives  a  slick  yellowish  growth. 
The  growth  extends  over  surface  of  Agar,  and  has  an  irregular  outline.''-  On 
Potato  it  forms  a  deep  yellow,  slick  growth  along  the  streak.  Tlie  growth  at  the 
temperature  of  102^  F.  was  very  slight,  and  has  an  irregular  outline.  On  Agar 
Plate  it  forms  small,  yellow  granular  colonies  with  a  smooth  outline.  The  col- 
onies that  grow  on  the  bottom  of  the  i)late  are  transparent  at  the  edges  and  gran- 
ular in  the  center.  On  Lactose  Litmus  Agar  Plate  small  white  colonies  are 
formed,  which  pro<luce  a  slight  change  in  the  litmus  showing  the  formation  of 
lactic  acid. 

FORM  N«).  8. 

Obtained  from  the  veterinary  hospital.     Only  a  single  species  was  obtained. 

Morphology.     A  short  round  bacillus  2"  long  and  1"  broad.     It  occurs  singly. 

BiologiciU  ChuraelerA.  A  non-litjuefying,  non-spore  forming  motile  bacillus. 
The  growth  on  usual  media  at  the  ro<>m  temperature  is  very  slight.  In  Bouillon 
it  produces  slight  turbidity  and  forms  a  brownish  sediment  in  bottom  of  tube.  It 
does  not  grow  on  potato.  In  (ielatine  Stick  it  produces  a  very  slight,  transparent 
growth.  The  growth  at  a  temperature  of  102°  F.  is  very  slight,  and  is  of  a  pale 
white  color,  with  an  irregular  outline.  On  Agar  Plate  it  forms  small,  white  or 
transparent  colonies  with  a  smooth  edge.  Lactose  Litmus  Agar  Plate,  it  produces 
no  change  in  litmus,  showing  the  production  of  no  lactic  acid.  In  a  hydrogen 
atmosphere  this  form  grows  vitry  luxuriant.  The  growth  is  white  granular  and 
extends  over  surface  of  Agar. 

*•  Plate. 
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FORM  No.  i». 


Obtained  from  llie  air  in  the  veterinary  hospital. 

Miwpholotjy.     A  bacillus  .*^"  long  and  :{ "  broad.     It  occurs  singly. 

Biolorficnl  CharacterH.  A  non-liquefying,  faculative  anaTobic,  actiTely  motile- 
spore-forniin*^  bacillus.  In  Bouillon  it  produces  turbidity  and  forms  a  slight, 
whitish  sediment  in  the  bottom  of  the  tube.  On  Potato  it  forms  a  white,  smooth 
growth.  In  (xclatine  Stick  cultures  it  forms  a  small  cup-shape  growth  on  sur, 
face.  It  i^rows  slightly  along  stick  and  did  not  litjuefy  the  gelatine.  On  Agar 
Streak  it  forms  a  slick  white  growth  over  the  whole  surface  of  Agar.  On  Agar 
Plate  white,  irregular,  linely  granular  colonies  are  formed.  It  grows  both  on  sur- 
face of  Agar  and  on  bottom  of  plate.  The  growth  at  a  temperature  of  102°  F.  is 
slick,  white,  luxuriant  and  extends  over  surface  of  Agar.  On  Lactose  Litmus 
Agar  Plate  it  forms  pearly  white  colonies,  which  produce  lactic  acid  in  consider- 
able (juantity. 

FORM  No.  10. 

Obtaine<l  from  the  air  in  the  veterinary  hospital. 

Morpholoifj.  A  long  slender  bacillus  with  square  ends.  It  occurs  united  in 
chains  of  two  or  three  cells.     Length  4",  width  1  ". 

BInloffiral  Characters.  A  liquefying,  non-motile,  spore-forming,  facultative, 
an:crobic  bacillus.  In  Bouillon  it  forms  a  white  sediment  on  bottom  of  tube  and 
a  whit«  tilm  over  surface.  On  Agar  Streak  it  produces  a  brownish  slick  growth 
with  an  irregular  outline  and  a  white  portion  on  the  edge.*  On  Potato  luxuriant 
white,  raised,  wrinkled  growth  appears.  In  Gelatine  Stick  culture  it  rapidly 
liquefies  the  gelatine  and  forms  a  white  scum  on  the  surface.  On  Agar  Plate  it 
develops  into  white  colonies  with  a  smooth  outline.  They  grow  both  on  surface 
and  on  the  bottom  of  the  plate.  The  growth  at  temperature  of  102°  F.  is  white 
and  not  luxuriant.  On  Lactose  Litmus  Agar  Plates  no  change  is  produced,  show- 
ing that  lactic  acid  is  not  formed. 

FORM  No.  11. 

Obtained  from  the  air  in  the  veterinary  hospital.    This  form  is  quite  abundant. 

Morphology.  A  short,  thick  bacillus.  It  often  occurs  united  in  chain  of  two 
cells.     length  8",  width  1A». 

Biological  Characlerg.  A  liquefying,  non-motile,  facultative,  anu-robic,  spore- 
forming  bacillus.     In  Bouillon  it  forms  a  white  sediment  in  bottom  of  tube  and  a 


^•See  Plate. 
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white  scum  over  the  surface.  On  Agar  Streak  it  produces  a  white,  raised,  folded 
growth.  On  Agar  Plate  it  forms  smooth  white  colonies  with  an  even  outline.  The 
colonies  grow  both  on  bottom  of  plate  and  on  surface  of  Agar.  In  Gelatine  Stick 
culture  it  liquefies  the  gelatine  in  a  dish-shape  growth.  It  grows  along  the  stick 
and  liquefies  the  gelatine.  On  Potato  it  forms  a  raised,  wrinkled,  white  growth.* 
On  Lactose  Litmus  Agar  small  white  colonies  grow,  which  produce  lactic  acid. 

FORM  No.  12. 

Obtained  from  the  air  in  Mrs.  Morley's  barn. 

Morphology.  A  small  bacillus  1  to  2"  in  length  and  J"  in  width.  It  occurs 
singly. 

Biological  Charo/cters,  A  liquefying,  actively  motile,  facultative,  anarobic, 
non-spore-forming  bacillus.  In  Bouillon  it  produces  turbidity  in  a  short  time  and 
forms  a  white  sediment  in  bottom  of  tube,  On  Potato  it  gives  a  reddish  growth 
extending  over  surface.  On  Agar  Streak  the  growth  is  of  a  cream  color  and  not 
very  luxuriant.  The  growth  presented  an  irregular  outline  and  was  lined  with 
small  white  dots  near  the  edge.  It  produces  a  white  growth  all  over  the  surface 
of  Agar  at  a  temperature  of  102^  F.  In  Gelatine  Stick  culture  it  liquefies  the 
gelatine  in  a  saucer-shape  growth,  and  it  grows  slightly  along  the  stick.  On  Agar 
Plate  it  forms  white,  granular  colonies  with  a  smooth  outline.  It  grows  mostly 
on  the  surface  of  the  Agar.  On  Lactose  Litmus  Agar  large  round  colonies  grow. 
It  produces  no  change  in  litmus,  showing  no  lactic  acid. 

FORM  No  13. 

Obtained  from  the  air  in  the  veterinary  hospital. 

Morphology.  A  short  bacillus  with  round  ends.  2A°  in  length  and  l**  in 
width.     It  occurs  in  short  chains. 

Biological  characters.  A  liquefying  non-motile,  spore  forming,  facultative 
amerobic  bacillus.  In  Bouillon  it  produces  turbidity  and  forms  a  white  sediment  in 
bottom  of  tube.  On  Agar  Streak  it  forms  a  light  yellow  smooth  growth  with  an 
irregalar  outline.  The  growth  was  near  the  edge  and  was  of  a  whiter  color  than 
the  center.  On  potato  it  forms  a  slick,  raised,  cream-colored  growth  along  the 
streak.  In  Gelatine  Stick  culture  it  liquefies  the  gelatine  and  forms  a  white  scum 
over  the  surface.  The  growth  at  temperature  of  102°  F.  is  slight  and  of  a  white 
color.  On  Agar  Plate  it  produces  large  pearly  white  colonies  with  a  smooth  out- 
line, which  later  turned  to  a  brownish  color.  On  Lactose  Litmus  Agar  it  forms 
white  colonies  which  do  not  produce  lactic  acid.     (See  plate.) 


^•See  Plate. 
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FORM  No.  14. 


Obtained  from  the  air  in  the  veterinary  hospital. 

Moi'phology.     A  diplococcus  i^  in  diameter. 

Biological  Characters.  A  non-Iiquefjing  R?robic,  probably  motile  diplococcus. 
In  Bouillon  it  produces  turbidity  and  a  light  greenish  sediment  forms  in  bottom  of 
tube.  A  white  scum  forms  on  tube  at  surface  of  liquid.  On  potato  it  forms  a 
greenish  yellow  growth  along  the  streak.  The  growth  on  potato  is  not  luxuriant 
and  has  a  granular  appearance.  The  form  does  not  grow  very  luxuriant  at  a 
temperature  of  102°  F.  In  Gelatine  Stick  culture  it  forms  a  dish  shape  white 
growth  and  does  not  liquefy  the  gelatine.  On  Agar  Streak  a  greenish  yellow, 
slick  growth  with  a  smooth  outline  appears.  On  Agar  Plate  it  forms  yellowish 
green  colonies  with  a  ragged  outline.  The  colonies  present  a  granular  appearance 
with  a  light  or  transparent  ring  about  half  way  between  the  edge  and  the  center. 
The  colonies  that  grew  on  the  surface  are  larger  than  those  that  grew  on  the  bot- 
tom of  plate.  On  Lactose  Litmus  Agar  it  forms  large  white  colonies  which  do 
not  produce  lactic  acid.     (See  plate.) 

FORM  No.  15. 
Red  yeast. 

Obtained  from  the  air  in  Professor  Troop's  barn. 

Morphology.    It  appears  as  oval  shaped  cells  3  to  4°  long  and  i^  broad. 

Biological  Characters.  Aerobic.  In  Bouillon  it  forms  a  reddish  sediment  in 
bottom  of  tube.  On  Potato  it  produces  a  pinkish  though  not  luxuriant  growth. 
On  Ager  Streak  it  forms  a  pinkish  slick  growth.  It  does  not  grow  at  the  tem- 
perature of  102°  F.  In  Grelatine  Stick  culture  it  grows  only  on  surface  and  does 
not  liquefy  the  gelatine.     (See  plate.) 

FORM  No.  16. 

Obtained  from  the  air  in  Professor  Troop's  barn.  Only  one  colony  was 
obtained. 

Morphology,  It  appears  as  tetrads,  and  is  composed  of  four  germs  in  a  group ; 
it  is  about  2j"  across. 

Biological  Characters.  A  non-liquefying,  facultative  aneerobic  motile,  non-spore 
forming  tetrade.  In  Bouillon  it  produces  turbidity  and  forms  a  white  sediment  in 
bottom  of  tube.  Ou  Agar  Streak  it  forms  a  white  branched  growth.  On  Potato 
the  growth  is  slow,  does  not  show  the  branched  appearance,  and  has  a  granular 
appearance.     In  Gelatine  Stick  culture  it  forms  an  irregular  dish  shape  growth. 
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It  grows  slightly  along  the  stick.  It  does  not  grow  at  a  temperature  of  10t!°  F. 
On  Agar  Plate  it  forms  small  pearly  white  colonies  with  a  smooth  outline  and  a 
white  spot  in  center.  It  grows  as  well  on  bottom  of  dish  as  on  surface  of  agar. 
On  La<.'toRe  Litmus  Agar  it  forms  branched  white  colonies.  It  produces  no  lactic 
acid.     (See  plate.) 

FORM  No.  17. 

Obtained  from  Gregory  &  Dobbins'  livery  barn.     This  form  is  fairly  abundant. 

Morphology,     A  diplococcus  j  "  in  diameter. 

Biological  Charartfrat.  A  non-liquefying,  non-motile  ii*robic  diplococcus.  In 
Bouillon  it  produces  turbidity  and  forms  a  white  sediment  in  the  bottom  of  tube. 
A  white  ring  forms  on  tube  at  surface  of  liquid.  On  Agar  Streak  it  forms  a 
slick,  red  colored  growth  along  streak.  In  Gelatine  Stick  culture  it  grows  only  on 
surface,  is  of  a  pink  color  and  does  not  liquefy  the  gelatine.  On  Agar  Plate  it 
forms  small  white  colonies.  The  growth  is  very  slow.  On  Lactose  Litmus  Agar 
no  change  was  produced  in  litmus,  showing  no  lactic  acid.  It  does  not  grow  on 
Potato. 

FORM  No.  18. 

Obtained  from  Godman's  livery  barn. 

Morphology,     A  small  micrococcus  about  Jt"  in  diameter. 

Biological  Charactcn*.  A  non-liquefying,  non-motile,  aTobic  micrococcus. 
In  Bouillon  it  produces  considerable  turbidity  and  forms  a  white  ring  on  tube  at 
surface  of  liquid;  it  also  fprms  a  white  precipitate  in  bottom  of  tube.  On  P(»tato 
it  forms  a  raised  granular  cream-colored  growth  along  streak.  In  Gelatine  Stick 
it  produces  a  white  convoluted  growth  on  surface,  and  does  not  li(}uefy  the 
gelatine.  On  Agar  Streak  it  forms  a  milk  white  growth  with  irregular  outline. 
On  Agar  Plate  it  produces  pale  white  luxuriant  colonics  with  a  smooth  outline. 
On  Lactose  Litmus  Agar  the  colonies  are  small  and  white,  producing  considerable 
lactic  acid. 


Have   the   Common    Yeasts    PATMCKiENic    Properties? — An    Experimental 

Study.     By  Katherine  E.  Golden. 

Yeasts  have  always  been  c<»nsidered  as  purely  saprophytic  orgauisms,  and  not 
supposed  to  be  parasitic  in  any  sense;  but,  in  the  light  of  some  recent  experi- 
ments, this  classification  would  seem  to  need  reconsideration.  These  experiments 
indicate  not  only  that  some  yeasts  are  parasitic,  but  that  they  are  also  pathogenic. 
These  results  are  not  at  all  at  variance  with  developments  made  in  the  study  of 
other  organisms,  as  many  bacteria  which  at  first  were  supposed  to  be  saprophytic 
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have  developed  parasitic  properties;  this  being  brought  about  through  a  course 
of  adaptation,  which  has  enabled  them  to  exist  under  the  changed  conditions. 
There  are  other  bacteria  possessing  pathogenic  properties  which  can  be  treated  in 
such  a  manner  as  to  cause  them  to  lose  their  virulency,  among  these  a  notable  one 
being  anthrax,  which  when  carried  through  a  course  of  gelatine  cultures  is  no 
longer  pathogenic.  The  pathogenic  properties  may  be  restored,  however,  by  ap- 
propriate treatment,  such  as  cultivation  at  the  body  temperature  in  specially  pre- 
pared media.  Of  course,  the  conditions  for  a  saprophytic  mode  of  life  are  more 
generally  met  with  than  those  for  the  development  of  parasitic  life,  so  that  it  is 
presumable  that  most  organisms  become  adapted  to  them. 

About  twenty  years  ago  yeast  was  used  in  water  to  spray  plants  in  green- 
houses for  the  purpose  of  getting  rid  of  insect  pests.*  This  treatment  was  based 
upon  the  belief  that  the  yeast  entered  the  body  of  the  insect  and  produced  a 
growth  which  was  fatal.  As  pare  yeast  was  not  used,  and  as  yeasts  usually  have 
associated  with  them  bacteria  and  molds,  the  use  of  yeast  for  such  purposes  is  not 
conclusive  in  proving  it  to  be  pathogenic. 

Somewhat  later  a  yeast,  S.  Allii,  was  grown  on  the  bulbs  of  onions,  and  caused 
them  to  rot  by  reducing  them  to  a  gelatinous  condition,!  during  which  time  a 
{powerful  odor  was  emitted  by  them.  Bacteria  were  also  found  in  conjunction 
with  the  yeast  in  the  onions. 

In  recent  years,  since  accurate  methods  have  been  devised  for  the  separation 
of  the  various  species  and  varieties  of  yeasts,  a  more  definite  knowledge  has  been 
obtained  of  their  properties.  It  has  been  determined  that  while  most  of  them 
possess  the  property  of  exciting  alcoholic  fermentation,  that,  aside  from  this,  they 
differ  widely  in  the  formation  of  other  products  that  accompany  the  fermentation. 
For  example,  two  species  that  were  found  on  the  fruit  of  JUj-  aquifoliuuiy  though 
having  the  same  habitat,  gave  different  proilucts,  the  one  [S.  ilicis  Gronlund) 
gave  a  disagreeable,  bitter  taste  to  wort,  while  the  other  (S.  a f ju ifol ii  Uronhmd) 
gave  a  disagreeable,  sweet  taste.  Of  two  ellipsoid  species  studied  by  Will,  the 
one  gave  a  rough,  bitter  after-taste,  while  the  other  imparted  a  disagreeable,  aro- 
matic taste  during  the  fermentation,  and  a  bitter,  astringent  after-taste  to  wort. 
Then  of  two  species  studied  by  Hansen,  one  {S.  Pa)*tonanH8  I.)  gave  a  disagree- 
able, bitter  taste  and  unpleasant  odor  to  wort,  while  the  other  {S.  anomalous)  gave 
an  ethereal,  fruity  odor.  One  might  go  on  at  length  giving  examples  of  the  dif- 
ferences in  the  products  of  yeasts,  but  from  what  has  been  given,  it  can  be  seen 
that  the  products  dififer  widely,  and  that  it  is  highly  probable  that  some  of  these 
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yarious  products  might  be  of  a  toxic  character,  and  also  highly  probable  that  if 
these  yeasts  were  growing  vigorously  and  metabolic  activity  high,  these  toxic  sub- 
stances might  cause  injurious  effects  either  locally  or  constitutionally  in  the  ani- 
mal body. 

A  somewhat  common  opinion  in  regard  to  the  yeasts  is  that  when  taken  into 
the  stomach  in  bread  not  cooked  sufficiently  they  set  up  a  fermentation,  generate 
gas,  and  thus  cause  great  discomfort,  though  the  same  kind  of  gas  when  taken  in 
soda  water  seems  to  have  a  rather  soothing  effect.  Then  this  opinion  does  not 
seem  to  prevail  in  regard  to  the  use  of  beer  or  other  fermented  drinks,  though 
there  is  no  question  in  regard  to  the  presence  or  vitality  of  the  yeasts  in  these 
beverages. 

To  determine  the  eflect  of  yeasts  taken  into  the  stomach,  two  rabbits  were 
placed  in  a  cage  in  the  laboratory  where  they  could  be  observed  conveniently. 
They  were  kept  over  night  without  any  food,  and  in  the  morning  were  given  two 
compressed  yeast  cakes.  These  they  refused  to  eat,  presumably  from  their  be- 
haviour  objecting  to  the  odor.  The  yeast  was  then  smeared  on  sugar  beet,  which 
they  ate.  No  apparent  result  followed.  After  two  days  about  two  grams  of  a 
pure  culture  yeast  were  smeared  on  sugar  beet,  which  was  fed  them,  after  which 
a  week  was  allowed  to  intervene.  Then,  at  intervals  of  two  days,  each  rabbit  was 
given  a  dry  yeast  cake,  until  each  one  had  eaten  five  cakes.  The  dry  cakes  were 
eaten  with  avidity,  being  preferred  to  the  sugar  beets,  their  usual  food.  At  the 
end  of  this  treatment  the  rabbits  were  still  healthy,  had  apparently  experienced 
no  discomfort  from  the  unusual  addition  to  their  diet,  and  showed  no  symptoms 
of  disease.  After  two  days  one  was  chloroformed  and  then  examined,  to  deter- 
mine if  there  were  any  internal  lesions.  There  proved  to  be  none,  all  the  organs 
being  in  their  normal,  healthy  condition.  During  this  examination  inocDlations 
were  made  from  the  various  parts  of  the  intestinal  tract— cardiac  portion  of 
stomach,  pyloric  portion  of  stomach,  duodenum,  jejunum,  ileum,  caecum,  anterior 
colon,  posterior  colon — into  sterilized  bouillon  and  wort. 

During  the  time  the  experiment  was  in  progress,  inoculations  were  made 
daily  into  sterilized  bouillon  and  wort  from  the  discarded  portionsof  food  which  had 
passed  through  the  intestinal  tract.  Out  of  those  cultures  in  wort  seven  developed 
yeast  alone,  seven  developed  yeast  and  mould,  and  two  developed  mould  alone.  In 
conjunction  with  two  of  the  yeasts  was  a  red  yeast  which  occurs  in  the  air  in  the 
laboratory.  All  of  the  cultures  in  bouillon,  but  one,  had  a  bacterium,  resem- 
bling the  ^^thrix"  forms.  An  inoculation  into  bouillon  and  wort  was  made  in 
each  case  from  the  same  material,  the  bouillon  being  neutral,  the  wort  acid. 
The  yeasts  and  mould  developed  in  the  wort,  but  not  in  the  bouillon,  whereas, 
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the  bacteriam  developed  in  the  bouillon,  but  did  not  appear  in  the  wort.  The 
organisms  in  both  media  were  very  slow  in  developing,  the  first  appearance  of 
growth  being  in  about  five  days,  some  taking  even  six  and  seven  days ;  and  in  the 
case  of  the  yeast  the  fermentation  was  weak.  But  in  most  casen  the  fermentation 
lasted  for  over  three  weeks. 

To  test  the  effect  of  yeast  when  introduced  into  the  circulation  of  animals, 
pure  culture  yeasts  were  used,  one  separated  from  a  moist  yeast  cake,  one  from  a 
dry  yeast  cake,  and  the  third  a  wild  yeast  obtained  from  the  surface  of  plum. 
Ten  drops  from  a  four  days'  culture  in  wort  of  each  yeast  were  injected  into  the  pos- 
terior branch  of  the  main  vessel  of  the  ear  of  three  rabbits.  These  were  kept  under 
constant  observation,  but  showed  no  ill  effects  from  the  introduction  of  the  yeast. 

Another  test  was  then  made  upon  two  different  rabbits,  and  upon  two  guinea 
pigs.  The  yeasts  used  for  the  rabbits  were  a  wild  one  from  the  surface  of  persimmon, 
and  one  from  a  moist  yeast  cake,  but  a  different  yeast  from  the  one  used  in  the  first 
experiment.  The  yeasts  used  for  the  guinea  pigs  were  one  from  the  surface  of 
grape,  and  one  from  a  moist  yeast  cake,  also  different  from  the  two  previous 
yeasts.  The  inoculations  in  the  rabbits  were  in  the  vessel  of  the  ear,  but  those  of 
the  guinea  pigs  were  intra-peritoneal.  The  following  day  the  guinea  pigs  were 
slightly  sore  in  the  region  of  the  puncture  of  the  hypodermic  needle,  but  that 
wore  off  in  a  short  time,  and  no  other  ill  effects  were  experienced  by  any  of  the 
animals. 

For  the  next  experiment  twenty-two  different  yeasts  were  grown  at  the  body 
temperature  (37)°  C.)  in  order  to  select  from  them  the  ones  growing  most  vigor- 
ously. These  proved  to  be  two  wild  ones,  one  from  apple,  the  other  from  guava, 
and  two  cultivated  ones,  one  from  beer,  and  one  from  a  moist  yeast  cake.  One  of 
the  yeasts  was  injected  into  the  ear  of  a  rabbit,  a  second  into  the  ear  of  a  guinea- 
pig,  while  the  third  and  fourth  were  subcutaneous,  into  the  abdominal  wall  of 
guinea-pigs.     No  ill  effects  followed  the  inoculations. 

After  two  days  sterilized  bouillon  and  wort  were  inoculated  with  blood  from 
the  ear  of  each  animal,  but  in  all  cases  remained  sterile.  In  one  tube  of  wort, 
in  which  a  large  drop  of  blood  had  been  placed,  a  few  dead  yeast  cells  were 
found,  but  no  growth  took  place,  indicating  that  the  yeast  must  have  been  de- 
stroyed in  a  short  time. 

The  results  of  the  experiments  agree  in  the  main  with  those  of  Neumayer,* 
exc«pt  thii^t  he  claims  that  an  injury  to  the  animal  may  always  be  expected  if  a 
fermentable  substance  be  taken  at  the  time  the  yeasts  are.  He  also  claims  that 
when  yeasts  are  grown  at  a  high  temperature,  abnormal  fermentation  producto 

-^  Neumaycr,  J.    Centralb.  fUr  Bakt.  und  Parasitenk.,  Bd.  XIII,  1893,  p.  ^11. 
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are  t'oriiietl  which  may  l)e  injurious,  this  being  true  for  both  wild  and  cultivated 
yeasts,  hut  that  the  normal  products  of  fermentation  or  the  multiplication  of  the 
yeast  cells  are  not  injurious. 

Busse*  has  found  a  yeast  which  causes  a  chronic  pya'mia.  From  its  resem- 
l)lance  to  Actinomycosis  he  gave  the  disease  the  name  Saccharomycosis  hominis. 
The  c<»urse  of  the  disease,  as  outlined,  is  that  the  yeast  falling  upon  the  Inxiy  in- 
creases and  causes  a  local  change,  this  eventually  leading  to  formation  of  pus  and 
general  inflammation.  The  yeast  causes  the  death  of  white  mice,  the  blood  of 
which  is  found  to  contain  numerous  veast  cells. 

m 

Kahinowit5ch,t  out  of  Hfty  different  varieties  of  yeasts,  obtained  seven  patho- 
j^enic  ones,  which,  wlien  injected  subcutaneously  into  mice,  ral>bits  and  guinea- 
pigs,  caused  their  death.  It  is  claimed  in  this  case  that  the  fatalities  were  due  to 
the  rapid  multiplication  of  the  yeast  cells  in  the  body,  and  not  to  any  products  of 
fermentation.  The  yeast*  seem  to  be  different  from  the  pathogenic  ones  of  other 
observers. 

The  only  reasonable  conclusion  which  can  be  drawn  in  regard  to  these  vary- 
ing results  is  that  different  species  or  varieties  of  yeast  were  used,  these  different 
yeasts  having  very  different  products.  The  writer  used  only  common  yeasts,  such 
as  are  being  taken  into  the  system  through  various  sources,  from  time  to  time. 
Though  the  presseil  yeasts,  when  used  in  bread,  are  killed,  the  products  are  taken 
into  the  system,  and  all  the  others  used  would  be  taken  into  the  system  alive,  as 
thev  occurred  on  the  skin  of  fruits  and  in  beer. 

The  first  set  of  experiments  indicate  that  yeast,  when  taken  into  the  stomach 
of  rabbits,  causes  neither  discomfort  nor  lesions  in  any  organ,  even  when  a  fer- 
mentable substance  be  eaten  at  the  same  time.  They  also  indicate  that  certain 
organisms —yeasts,  bacteria  and  moulds — can  pass  through  the  intestinal  tract 
without  being  killed,  though  from  the  slowness  of  growth  and  the  weakness  of  the 
fermentation,  their  vigor  must  be  somewhat  impaired. 

The  second  set  of  experiments'indicate  that  of  the  common  yeasts  those  used 
possessed  no  toxic  j)roperties  for  rabbits  or  guinea-pigs,  neither  did  they  multiply 
when  introduced  into  the  animal  body,  and  in  the  case  of  four  of  them,  they  must 
have  been  destroyed  within  48  hours,  though  these  same  yeasts  were  very  vigor- 
ous at  the  same  temperature  outside  the  body. 


Bu.'-se.    (entralb.  fiir  Bakt.  und  Parasitenk.,  Rd.  XVII,  IS%,  p.  719. 
t  Rabinowitsoh.  L.    Ocntralb.  fiir  Bakt.  und  Parasitenk.,  Bd.  XVIII,  1  Abt.,  1895,  p. 580- 
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Exceptional  Growth  of  a  Wild  Rose.     By  Stanley  Coilter. 


While  botanizing  at  Eagle  Lake,  Indiana,  the  past  summer,  my  attention  was 
attracted  by  the  peculiar  growth  of  a  wild  rose.  The  bush  arose  from  near  the 
center  of  an  oak  stump,  which  was  some  two  or  three  feet  in  diameter.  The 
wood  of  the  stump  was  extremely  hard,  and  showed  no  signs  of  decay  so  far  as 
could  be  determined  by  a  large  knife.  No  cracks  of  any  character,  large  or  small, 
were  observable  upon  the  summit  of  the  stump  or  along  its  sides.  The  three 
stems  of  the  bush  seemed  at  first  glance  to  emerge,  each  from  a  specially  prepared 
hole,  which  it  fitted  with  extreme  accuracy,  so  closely  indeed  as  to  prevent  move- 
ment in  any  direction.  My  first  impression  was  that  it  wa«  a  skillfully  executed 
trick.  Further  examination,  however,  showed  that  at  the  point  of  emergence 
from  the  stump  each  stem  showed  a  well  marked  intumescence,  evidently  the 
result  of  arrested  growth  currents.  These  swellings  resembling  exactly  those  found 
at  the  bases  of  branches  in  girdled  trees.  The  bush  itself  was  some  two  feet  high, 
and  when  first  visited  was  in  full  bloom,  bearing  fourteen  tlowers.  It  continued 
flowering  throughout  the  season,  and  later  set  seed  well.  'Ihe  foliage  leaves, 
while  perhaps  not  so  large  as  in  bushes  of  corresponding  size  growing  in  the  earth, 
were  in  all  other  particulars  perfectly  normal.  Evidently  the  plant  was  several 
years  old,  and  that  it  had  had  a  vigorous  growth  was  sufficiently  evidenced  by 
the  intumescences  upon  the  stem,  by  its  prolific  flowering  and  abundant  seed  set- 
ting. A  careful  examination  of  the  stump  at  its  base  showed  no  crevices  in  which 
seeds  could  find  lodgment.  It  was  very  plain  that  in  some  way,  on  the  surface  of 
this  apparently  solid  oak  stump,  the  bush  ha<i  succeeded  in  finding  the  re(iuisite8 
for  a  successful  growth. 

In  May,  1897,  I  again  visited  the  stump  and  found  the  bush  making  a  vigor- 
ous growth.  At  this  time,  however,  I  observed  some  wood  peckers  at  work  on 
the  stumps  of  some  newly  sawed  oaks.  Examining  the  stumps  I  found  many  in 
which  holes  had  been  drilled  by  this  bird.  I  mention  this  as  a  possible  ex})Iana- 
tion  of  the  way  in  which  the  seeds  obtained  lodgment.  It  does  not,  however, 
account  for  such  a  vigorous  growth  under  such  apparently  adverse  circumstances. 
The  stump,  so  far  as  could  be  determined,  was  perfectly  solid,  with  not  even  a 
marginal  rim  of  decay,  although  in  one  or  two  places  the  bark  had  fallen  away. 
How  did  the  bush  on  the  summit  of  a  solid  oak  stump,  four  feet  from  the  ground, 
obtain  sufficient  moisture?  Its  stems  were  so  securely  fixed  in  the  surrounding 
wood  that  the  most  vigorous  efforts  failed  to  produce  movement  in  any  direction. 
In  the  absence  of  decayed  material,  what  was  the  source  of  food  supply?  I  ex- 
amined the  plant  many  times,  and  have  not  l>een  able  to  answer  these  questions 
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to  my  own  satisfaction.  It  hax  been  suggested  that  the  growth  was  from  a  crack 
which  had  gathered  soil.  A  mere  glance  negatives  the  suggestion.  Again  it  has 
been  said  that  the  stump,  though  apparently  sound,  is  really  decayed.  This,  of 
course,  is  possible,  but  in  no  part  of  the  stump  to  a  depth  of  three  inches  was 
there  the  slightest  trace  of  decay  that  could  be  detected. 

To  my  mind  it  stands  as  the  title  indicates,  as  an  exceptional  growth  of  a 
wild  rose. 


A  Revision  of  the  Species  of  the  Genus  Plantaoo  Occurring  Within 
THE  United  States.    By  Alida  Mabel  Cunningham.^ 

The  genus  Plantago  of  Tournefort  under  rule  2  of  the  Madison  code  is  now  to 
be  referred  to  Linnseus,  Sp.  PI.  112  (1758).  The  description  of  the  genus  found 
in  the  ()th  edition  of  Gray's  Manual  is  so  complete  that  it  is  here  quoted  without 
change. 

The  purpose  of  the  following  study  was  a  revision  of  the  various  species  of 
this  genus,  based  upon  seed  characters  )>ecause  of  the  belief  that  such  characters 
were  most  likely  to  be  constant  and  of  diagnostic  value.  The  results  obtained  by 
this  study  have  led  to  a  confirmation  of  these  views,  and  it  is  believed  that  an  ex- 
tension of  studies  of  this  character  would  be  of  high  value. 

The  material  examined  was  that  contained  in  the  herbaria  of  the  United 
States  Department  of  Agriculture,  the  University  of  Minnesota,  Purdue  University 
and  the  private  herbarium  of  Dr.  John  M.  Coulter.  I  extend  my  thanks  to  the 
gentleman  owning  or  in  charge  of  these  collections  for  their  kindness  in  permit- 
ting me  to  retain  the  material  for  the  time  needed,  and  to  Mr.  £.  B.  Uline  for 
some  original  descriptions.  I  am  also  deeply  indebted  to  Dr.  Stanley  Coulter  for 
his  trouble  in  procuring  the  material  examined,  and  for  his  many  valuable  sug- 
gestions in  the  study  of  the  subject. 

The  results  show  that  the  genus  may  be  broken  up  into  three  sections,  clearly 
separated  by  seed  characters,  as  follows  : 
r.     Seeds  oval  in  cross  section. 

P.  cordata,  major,  Rugeiii,  eriopoda,  decipiens,  maritima,  Tweedyi, 
II.     Seeds  more  or  less  anther  shape  in  cross  section. 

P.  ianceolata,  Patagoniea,  hirtella,  Virginica,  rubra  and  minima. 

III.     Seeds  irregularly  lobed  in  cross  section. 

P.  elongata,  heterophylla  and  Bigelovii. 


^Plates  1-CO,  photographs  of  the  various  species,  which  were  intended  to  accompany  this 
nrticle*  are  omitted  because  of  lack  of  funds. 
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The  differenoes  in  present  arrangement,  resulting  from  this,  are  as  follows: 
lanceolata  and  Patagonica  are  placed  in  section  two,  instead  of  one ;  while  elongata 
and  heterophylla  are  placed  in  a  third  section. 

In  the  material  examined  it  has  been  found  necessary  to  establish  two  new 
species,  P.  rubra  and  P.  minima,  which  was  done  somewhat  reluctantly. 

It  has  been  found  impossible  to  follow,  in  all  particulars,  the  nomenclature 
in  the  ^^List  of  Pteridophyta  and  Spermatophyta,  Botanical  Club,  A.  A.  A.  S." 
There  seems  to  be  no  good  reason  why  varieties  aristata  and  gnafihalioides  of 
Patagonica,  and  longifolia  of  Virginica  should  be  raised  to  specific  rank.  Cer- 
tainly if  seed  characters  have  any  value  in  determining  specific  rank,  the  reason 
would  seem  positive  why  they  should  still  be  considered  as  varieties. 

P.  decipiens,  on  the  other  hand,  is  not  to  be  included  under  P.  maritima, 
being  clearly  separable  from  it,  as  indicated  below. 

The  original  description  of  P.  Tweedyi  was  not  secured.  A  single  specimen 
was  examined,  and  on  account  of  its  seed  characters  was  placed  in  section  1. 
Judgment  as  to  exact  relationship  must  be  suspended  until  more  specimens  and 
the  original  description  can  be  obtained. 

No  specimens  of  P.  sparsiflora  were  examined,  but  from  the  description  given 
in  "Chapman's  Flora  of  the  Southern  States,"  it  probably  belongs  in  section  2. 

Ail  specimens  of  P.  major,  var.  Asiatica,  were  referred  to  either  P.  major  or 
P;  Kugelii. 

P.  media  is  mentioned  in  the  '^List  of  Pteridophyta  and  Spermatophyta  of 
the  United  States,"  but  is  not  described  in  **  Gray's  Manual,"  "Coulter's  Rocky 
Mountain  Botany"  or  "Chapman's  Flora  of  the  Southern  States."  The  specimens 
examined  were  from  Europe,  and  are  not,  therefore,  included  in  this  work. 

ANALYSIS  OF  THE  SPECIES  OF  PLANTA(iO. 

'il.     Flowers  perfect;  stamens,  4;  corolla  not  closed  over  fruit;  seeds  oval  in  cross 
section. 
*  Leaves  broadly  ovate,  strongly  veined. 

t  Leaves  and  scape  glabrous,  or  slightly  hairy;  seeds  light  brown. 

P.  cordata. 
tt  Leaves  and  scape  glabrous,  or  slightly  hairy  ;  seeds  angled,  black. 

t  Capsule  ovoid,  circumscissile   at  the   middle,  8-18  seeded;  seeds 

i  mm.  X  I  mm.  P.  major. 

tt  Capsule  conical,  circumscissile  below  the  middle,  4-9  seeded  ;  seeds 

If  mm.  X  }  mm.  P.  Rugelii. 
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**  Leaves  lauceolate  to  linear,  not  strongly  veined,  thick  andtough. 

t  Leaves  smooth  ;  scape  smooth  or  slightly  hairv.  P.  eriopoda. 

tt  Leaves  and  scape  slightly  pubescent. 

t  Capsule  circumscissile  at  the  middle,  seeds  black;  hilum   not  at 

centre  of  seed.  P.  decipiens. 

tt  Capsule  circumscissile  below  the  middle;  seeds  dark  brown ;  hilum 

at  centre  of  seed.  P.  muritima. 

***  Leaves  lanceolate,  smooth ;  capsule  circumscissile  below  the  middle ;  seed. 

light  brown.  P.  Tweedy i. 

^2.     Flowers  various  ;  stamens,  4  ;  seeds  more  or  lass  anther  shape  in  cross  section. 

*  OoroUa  not  closed  over  fruit ;  leaves  lanceolate  to  linear. 

t  leaves  lanceolate;  scape  grooved,  slightly  hairy;  seeds  yellow,  surface 
smooth.  P.  lanceolata. 

tt  I-^aves  linear;  scape  not  grooved,  densely  hairy. 

t  Capsule  twice  as  long  as  calyx :  seeds  yellow,  surface  smooth. 

P.  minima, 
tt  Capsule   slightly   longer  than  calyx;  seeds  dark   brown,    surface 
pitted.  P.  Patagonica. 

*•  Corolla  closed  over  fruit ;  leaves  ovate  to  lanceolate. 

t  Capsule  oblong,  circumscissile  below  the  middle;  seeds  black. 

P.  hirtella. 
tt  Capsule  ovoid,  circumscissile  at  the  middle  ;  seeds  yellow. 

P.  Virginica. 
ttt  Capsule  oblong,  circumscissile  below  the  middle;  seeds  dark  red. 

P.  rubra. 
§3.     Flowers  polygamo-dioecious;     stamens,  2;  corolla  closed  over   fruit;  seeds 
irregularly  l()l>ed  in  cross  section. 

•  Leaves  linear  to  filiform,  smooth  or  minutely  pubescent,  scape  very  slender. 

t  Capsule  ovoid,  circumscissile  at  the  middle;  4  seeded;  seeds  1|  mm. 

X  I  mm.,  P.  elongata. 

tl"  Capsule  C(micn I.  circumscissile  below  the  middle;  10-28  seeded;  seeds 

5  mm.  X  1  mm.,  P.  heterophylla. 

ttt  Capsule  conical,  circumscissile  below  the  middle,  5  or  0  seeded;  seed, 

11  mm.  X  i  mm.,  P.  Bigelovii, 
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P.  major. 
P.  Rugelii. 

P.  eriopoda. 
P.  decipiens. 

P.  cordata. 

P.  Tweedyi. 

P.  maritima. 


ANALYSIS  OP  THE  8PECIBS  OF  PLANTAOO,    ACCORDINd   TO  SEED  CHARACTERS. 

^1.     Seeds  oval  in  crosa  section. 
t  Black,  surface  glossj. 
t  Size,  }  mm.  x  J  mm., 
tt  Size,  1|  mm.  x  i  mm., 
tt  Black,  surface  dull. 

t  Hilum  at  centre  of  seed, 
tX  Hilum  not  at  centre  of  seed, 
ttt  Light-brown,  surface  dull. 
t  Size,  ()  mm.  x  3  mm., 
tt  Size,  U  mm.  x  i  mm., 
tttt  Dark-brown,  surface  dull, 

^2.     Seeds  more  or  less  anther  shape  in  cross  section. 
t  Yellow,  surface  smooth. 
t  Size,  2]  mm.  x  j  mm., 
tt  Size,  5  mm.  X  in  mm., 
tt  Yellow,  surface  striated;  size,  \\  mm.  x  ;  mm., 
ttt  Dark  brown, 
ttt+  Black, 
ttttt  Red, 

^3.     Seeds  irregular  in  cross  section. 

t  Longitudinal  section  deeply  lobed. 
t  Size,  IJ  mm.  x  i  mm., 
tt  Size,  i  mm.  x  J  mm., 
tt  Longitudinal  section  regular  in  outline, 


P.  minima. 

P.  lanceolata. 

P.  Virginica. 

P.  Patagonica. 

P.  hirtella. 

P.  rubra. 


P.  elongata. 

P.  heterophylla. 

P.  Bigelovii. 


Plant Aoo,  Tourn.     Plantain. 


Calyx  of  four  imbricated  persistent  sepals,  mostly  with  dry  membranaceous 
margins.  Corolla  salver  form  or  rotate,  withering  on  the  pod,  the  border  four- 
parted,  or  rarely  two,  in  all  or  some  flowers  with  long  and  weak  exserted  fila- 
ments, and  fugacious  two-celled  anthers.  O^ary  two  (or  in  No.  8,  falsely,  three- 
four)  celled,  with  one-several  ovules  in  each  tell.  Style  and  long  hairy  stigma 
single,  filiform.  Capsule  two-celled,  two-several  seeded,  opening  transversely,  so 
th:it  the  top  falls  off  like  a  lid  and  the  loose  partition  (which  bears  the  peltate 
seeds)  falls  away.  Embryo  straight,  in  fieshy  albumen.  Leaves  ribbed.  Flow- 
ers whitish,  small,  in  a  bracted  spike  or  head,  raised  on  a  naked  scape. 
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§1.     Flowers  perfect ;    stamens  four  ;   corolla  not  closed  over  fruit ;    seeds  oval  in 
cross  section. 
*  Leaves    broadly   ovate,    strongly    veined ;     petioles    long,  flat  and  chan- 
nelled. 

t  Leaves  and  scape  glabrous;  seeds  light  brown. 

1.  P.  cordata  Lam. — 150  mm.  to  300  mm.  high ;  leaves  round  ovate, 
glabrous,  seven  or  nine  veined,  more  or  less  cordate  at  the  base,  margins  entire  or 
slightly  toothed;  petioles  smooth,  long,  flat,  channelled;  spike  long,  cylindrical, 
looosely  flowered,  lower  ones  scattered  with  round,  ovate  bracts ;  scape  smooth, 
150  mm.  to  4oO  mm.  long;  corolla  longer  than  the  calyx  (Plate  I);  capsule 
twice  as  long  as  the  calyx,  two-celled,  from  two  to  four-seeded;  ripe  seeds  light 
brown,  surface  dull,  minutely  striate  longitudinally,  cross  section  oval  (Plate  A, 
Fig.  1);  longitudinal  section  oval  (Plate  I),  Fig.  1);  size  (>  mm.  x  3  mm.;  hilum 
at  center  of  seed. 

Found  in  low  ground  and  along  streams  from  New  York  to  Missouri  and 
southward. 

Specimens  examined:  Chicago,  Illinois  (Brendol,  National  Herbarium); 
Allenton,  Missouri  (G.  W.  I^etterman,  1882,  National  Herbarium);  Winnetka, 
Illinois  (Alton  Collection,  May  10,  1891,  Herbarium  of  the  University  of  Minne- 
sota); Alma,  Michigan  (C.  A.  Davis,  May  29,  1893,  Herbarium  of  the  University 
of  Minnesota;  Alexandria, Virginia  (  Prof.  Comstock,  1881,  National  Herbarium); 
Tippecanoe  County,  Indiana  (Hussey,  Herbarium  of  Purdue  University);  Hub- 
bardston,  Michigan  (C.  F.  Wheeler,  May,  187t>,  Herbarium  of  J.  M.  Coulterj. 
tt  Leaves  and  scape  glabrous  or  slightly  hairy  ;   seeds  black. 

2.  P.  major  L. — 75  mm.  to  350  mm.  high  ;  leaves  broadly  ovate  or  oblong, 
smooth  or  slightly  hairy,  Ave  or  seven  nerved,  margins  entire  or  slightly  toothed, 
abruptly  narrowed  into  a  flat,  channelled  petiole;  spike  47 J  mm.  to  200  mm. 
long,  cylindrical,  obtuse  at  apex,  densely  flowered;  bracts  ovate;  scape  125  mm. 
to  400  mm.  long,  smooth  or  sparingly  hairy,  round ;  sepals  round,  ovate,  obtuse, 
not  carinate  (  Plate  2) ;  capsule  short,  ovoid,  slightly  longer  than  the  calyx,  cir- 
cumcissile  at  the  middle,  eight-18-seeded;  ripe  seeds  black,  angled,  surface 
glossy,  minutely  granular,  granules  irregularly  arranged,  cross  section  oval  (Plate 
A,  Fig.  2);  longitudinal  section  oval  (Plate  D,  Fig.  2);  size  }  mm.  x  |  mm.; 
hilum  at  center  of  seed. 

An  exceptional  form  of  P.  major  found  at  St.  Paul,  Minnesota  (Herbarium 
of  the  University  of  Minnesota),  has  a  leafy  spike.  Just  below  each  seed  is  a 
leaf.  These  leaves  are  of  considerable  size  at  the  base  of  the  spike,  but  become 
gradually  smaller  toward  the  apex. 

Grows  in  moist  places  from  Delaware  to  California  and  northward. 


195 

Specimens  examined:  Vegas  Vallej,  Nevada  (Coville  and  Fiinston,  1891) 
390,  alt.  1,065  meters,  National  Herbarium);  Sleepy  Eye,  Minnesota  (£.  P.  Shel- 
don, July,  1891,  Herbarium  of  the  University  of  Minnesota);  California  (C.  R. 
Orcutt,  June,  1889,  National  Herbarium);  Shore  of  Lake  Superior,  Minnesota 
(F.  F.  Wood,  1891,  Herbarium  of  the  University  of  Minnesota);  Ogden,  Utah 
(G.  W.  Letterman,  July  29,  1885,  National  Herbarium);  Nicollett's  Northwestern 
Expedition  (C.  A.  Geyer,  July  24,  1839,  National  Herbarium);  Minnesota  (F.  F. 
Wood,  1891,  National  Herbarium);  Centreville,  Delaware  (Commons,  August  3, 
1878,  National  Herbarium);  Mishawaka,  Indiana  (E.  B.  Uiine,  July,  1891,  Her- 
barium of  J.  M.  Coulter);  EUiston,  Montana  (F.  D.  Kelsey,  Herbarium  of  J.  M. 
Coulter);  Georgetown,  Colorado  (H.  N.  Patterson,  July  11,  1885,  Herbarium  of 
J.  M.  Coulter);  Oregon  (P.  major,  var.  Asiatica,  T.  J.  Howell,  May,  1880, 
National  Herbarium). 

3.  P.  Rugelii  Decaisne: — 125  mm.  to  300  mm.  high;  leaves  broadly  ovate 
or  oblong,  smcoth  or  sparingly  hairy,  five  or  seven  nerved,  margin  entire  or 
toothed;  petioles  Hat,  channelled;  spike,  75  mm.  to  250  mm.  long,  cylindrical, 
loosely  flowered,  acute  at  apex;  bracts  acute;  scape,  125  mm.  to  450  mm.  long, 
smooth  or  sparingly  hairy;  sepals  oblong,  acute,  carinate  (Plate  3) ;  capsule  con- 
ical, twice  as  long  as  calyx,  circumsis^ile  below  the  middle,  4-9  seeded :  ripe  seeds 
black,  angled,  surface  glossy,  minutely  granular,  granules  irregularly  arranged, 
cross  section  oval  (Plate  A,  Fig.  3j;  longitudinal  section  oval  (Plate  D,  Fig.  3); 
size  1§  mm.  x  j  mm. ;  hilum  at  center  of  seed. 

Grows  in  moist  soil  from  Vermont  to  Minnesota  and  south  to  Texas  and 
Georgia. 

Specimens  examined  :  Peoria,  Illinois  (McDonald,  Aug.  4,  1893,  Herbarium 
of  the  University  of  Minnesota) ;  AHenton,  Missouri  (G.  W.  Letterman,  1882, 
National  Herbarium) ;  Camden,  New  Jersey  (I.  C.  Martindale,  1878,  National 
Herbarium) ;  Harrisburg,  Pennsylvania  (Sandberg  Collection,  Aug.  14,  1888, 
Herbarium  of  the  University  of  Minnesota) ;  Michigan  (C.  F.  Wheeler,  July  23, 
1890,  National  Herbarium) ;  Minneapolis,  Minnesota  (C.  L.  H.,  June  20,  1876, 
Herbarium  of  the  University  of  Minnesota);  Blue  Earth  Co.,  Minnesota  (Sand- 
berg Collection,  Herbarium  of  the  University  of  Minnesota) ;  Jordan,  Scott  Co., 
Minnesota  (C.  A.  Ballard,  June,  1891,  Herbarium  of  the  University  of  Minnesota) ; 
Cannon  Falls,  Minnesota  (P.  major,  J.  H.  Sandberg,  Aug.,  1881,  Herbarium  of 
^he  University  of  Minnesota) ;  Charlotte,  Vermont  (C.  G.  Pringle,  Sept.  8,  1878, 
National  Herbarium);  Belle  Isle,  Detroit,  Michigan  (O.  A.  Farwell,  July  3, 
1893,  Herbarium  of  the  University  of  Minnesota) ;  Centreville,  Delaware  (Com- 
mons, Sept.  2S,  1878,  National  Herbarium) ;     Indian  Territory  (Dr.  Palmer,  1868, 
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National  Herbarium)  ;  (ilencne,  Minnesota  (P.  major,  T.  J.  M.,  Aug.  1,  1^'.*0» 
Herbarium  of  the  University  of  Minnesota) ;  Cambridge,  Massachusetts  (Keller- 
man,  July  o,  1878,  Herbarium  of  J.  M.  Coulter). 

Between  P.  major  and  P.  Kugelii  are  foun<l  a  number  of  intermediate  f<:»rm«i 
which  are  difficult  to  classify  except  in  fruiting  stage. 

••  leaves  lanceolate  to  linear,  not  strongly  veined,  thick  and  rough. 
t  Leaves  smooth,  scape  smooth  or  slightly  hairy. 

4.  P.  eriopoda  Torr. — '>0  mm.  to  150  mm.  high  ;  usually  having  a  ma^s  of 
yellowish  wool  at  the  base ;  leaves  ovate  to  lanceolate,  thick,  rough,  three  to  seven 
nerved,  obtusely  or  acutely  pointed,  tapering  gradually  into  a  short,  margined 
petiole,  margins  entire;  spike  25  mm.  to  125  mm.  lonjf,  cylindrical,  densely  or 
loosely  Howered;  scape  100  mm.  to  .'*00  mm.  long,  smooth  or  hairy;  sepals 
ovate,  scarious  (Plate  4) ;  capsule  ovoid,  slightly  exceeding  the  calyx,  circumscis- 
tile  below  the  middle,  from  2-4  seeded  ;  ripe  seeds  black,  surface  dull,  striated 
longitudinally;  cross  section  oval  (Plate  A.,  Fig.  4);  longitudinal  section  oval 
(Plate  1).,  Fig.  4)  ;  size,  2 J  mm.  x  1  ram.  ;  hilum  at  center  of  seed. 

An  exceptional  form  found  at  Evaston,  T'tah  (G.  W.  Letterman,  National 
Herbarium),  is  200  mm.  high  ;  has  thin  leaves ;  scape  425  mm.  long ;  spike 
150  mm.  long;  petioles  nearly  as  long  as  the  leaves. 

Moist  and  saline  soil,  from  Minnesota  to  California  and  the  lower  8t. 
Lawrence. 

Specimens  examined  :  Kimouski  County,  P.  Q.  (J.  A.  Allen,  August  5,  1881,^ 
National  Herbarium);  Kearney  County,  Nebraska  (P.  A.  Rydberg,  June  25,  1891, 
304  National  Herbarium);  Nicollett's  Northwestern  Expedition  (C.  A.  Geyer,  July 
1(),  1839,  276,  Natioifal  Herbarium);  Montana  (L.  F.  Ward,  1883,  National  Her- 
barium); Han's  P'ork,  Wyoming  (L.  F.  Ward,  1881,  National  Hebarium);  Gotten- 
burgh,  Nebraska  (Sandberg  Collection,  June  19,  1889,  Herbarium  of  the  Uni- 
versity of  Minnesota);  Oak  W(>od  Lakes,  Dakota  (San<lberg  Collection,  June  4, 
1892,  Herbarium  of  the  University  of  Minnesota);  Brookings,  South  Dakota 
(E.  N.  Wilcox,  May  19,  1S91,  National  Herbarium);  Western  Dakota  (Sandberg 
Collection,  Herbarium  of  the  University  of  Minnesota);  Ruby  Valley,  Nevada 
(S.  W^atson,  August,  18(*»8,  740,  alt.  t>,00<)  ft.,  National  Herbarium);  Hayden's 
(iulch,  Granite,  Colorado  (P.  Patagonica,  var.  nuda,  Mrs.  S.  B.  Walker,  1890, 
544,  Nation;il  Herbarium);  Ft.  Bridger,  Wyoming  (Porter,  July,  1893,  National 
Herbarium). 

ft  leaves  an<l  scape  slightly  pubescent. 

5.  P.  decipiens  Barneoud. — 50  mm.  to  200  mm.  high;  leaves  linear,  chan* 
nelled,   acuminate,  erect,  three  or  five  veined,   margins  entire;  spike  slender. 
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looselj  flowered,  2o  mm.  to  100  mm.  long;  scape  slightly  or  densely  hairy,  100 
mm.  to  275  mm.  long;  calyx  obtuse;  scarious  (Plate  o);  capsule  ovoid,  obtuse, 
twice  as  long  as  calyx,  circumsoiFsile  at  the  middle,  2-4  seeded ;  ripe  seeds  black, 
surface  dull,  minutely  granular,  cross  section  oval  (Plate  A,  Fig.  5);  longitudinal 
section  oval  (Plate  D,  Fig.  •));  size,  1^  mm.  x  2'^  mm.;  hilum  not  at  center  of  seed. 

This  species  can  be  distinguished  from  P.  maritima  by  the  shape  and  surface 
of  the  calyx,  the  shape,  length  and  dehi^nce  of  capsule,  color  of  seeds  and  the 
position  of  the  hilum. 

Salt  marshes  along  the  Atlantic  coast  from  Labrador  to  New  Jersey. 

Specimens  examined:  Nahant,  Massachusetts  (J.  A.  Manning,  July  29,  1886, 
Herbarium  of  the  University  of  Minnesota);  New  Foundland  (H.  L.  Osbom,  July 
2:^,  1879,  National  Herbarium);  Newport,  Rhode  Island  (\V.  W.  Bailey,  1878, 
Herbarium  of  Purdue  University);  Cambridge,  Massachusetts  (Walter  Deane, 
Oct.  5,  1890,  National  Herbarium);  New  Haven,  Connecticut  (A.  H.  Young, 
Sept.,  1874,  Herbarium  of  Purdue  University). 

6.  P.  maritima  L. — 50  mm.  to  22o  mm.  high;  leaves  linear,  acuminate, 
channelled,  nearly  as  long  as  the  scape,  three  or  five  nerved,  margins  entire; 
spike  loosely  to  densely  flowered,  25  mm.  to  7o  mm.  long;  scape  round,  slightly 
hairy,  50  mm.  to  S25  mm.  long;  calyx  acute,  carinate  (Plate  6),  capsule  acute, 
slightly  longer  than  the  calyx,  circumscissile  below  the  middle,  two  seeded;  ripe 
seeds  dark  brown,  surface  dull,  minutely  granular,  cross  section  oval  (Plate  A, 
Fig.  6);  longitudinal  section  oval  (Plate  D,  Fig.  6);  size,  2}  mm.  x  Iji  mm.;  hilum 
at  center  of  seed. 

(vrows  in  salt  marshes  along  the  Atlantic  and  Pacific  coasts,  the  Gulf  of  St. 
Lawrence  to  Labrador  and  (Greenland. 

S{>ecimens  examined:  San  Francisco,  California  (G.  R.  Vasey,  1880,  51.3, 
National  Herbarium);  Little  Metis,  P.  Q.  (J.  A.  Allen,  July,  2,  1881,  National 
Herbarium);  Pigeon  Cove,  Massachusetts  (Alton  Collection,  Herbarium  of  the 
University  of  Minnesota);  Portland,  Oregon  (Drake  and  Dickson,  July,  1882, 
Herbarium  of  J.  M.  Coulter);  Charlotte,  Vermont  (Herbarium  of  J.  M.  Coulter). 

7.  P.  Tweedyi  Gray. — The  original  description  of  this  species  has  not  been 
secured.  A  single  specimen,  so  referred,  from  Pelican  Creek,  in  the  National 
Herbarium,  has  been  examined.  According  to  its  seed  characters  it  belongs  in 
the  first  section.  The  other  characters  of  the  plant  are  as  follows:  125  mm.  high; 
leaves  lanceolate,  smooth,  five-nerved,  margins  entire;  spike  50  mm.  long;  scape 
smooth  below,  slightly  hairy  above,  cylindrical,  175  mm.  long;  sepals  obtuse, 
scarious,  with  a  thick  centre;  capsule  oblong,  twice  as  long  as  calyx,  circumscis- 
sile below  the  middle,  four-seeded;  ripe  seeds  light  brown,  surface  dull,  striated 
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longitudinally,  cross  section  oval  (Plate  A,  Fig.  7);   longitudinal   section   oval 
Plate  D,  Fig.  7);  size,  IJ  mm.  x  §  mm.;  hilura  at  centre  of  seed. 

^  2.  Flowers  various;  stamens  4;  seeds  more  or  less  anther  shape  in  cross 
section. 

^'Corolla  not  closed  over  fruit;  leaves  lanceolate  to  linear. 

tljcaves  lanceolate,  acute;  scape  grooved,  angled,  slightly  hairy;  seeds  yel- 
low, with  smooth  surface. 

S.  P.  lanceolata  L. — 50  mm.  to  275  mm.  high;  leaves  lanceolate,  acute, 
tapering  gradually  into  margined  petioles,  five  or  seven-nerved,  margins  entire  or 
slightly  denticulate,  sparingly  to  densely  hairy;  spike  densely  flowered,  capitate 
at  first,  in  age  cylindrical,  12}  mm.  to  02j  mm.  long;  scape  grooved,  slightly 
hairy,  '2*2')  mm.  to  600  mm.  long;  sepals  acuminate,  scarious  (Plate  7);  capsule 
short,  ovoid,  circumscissile  below  the  middle,  two-seeded,  ripe  seeds  light  yellow, 
having  a  longitudinal  line  through  the  centre  lighter  than  the  margins,  surface 
smooth,  cross  section  anther  shape  (Plate  B,  Fig.  1);  longitudinal  section  oval 
(Plate  E,  Fig.  1);  size,  •')  mm.  x  Iji  mm.;  hilum  at  centre  of  seed. 

Dry  fields,  w^aste  places  and  along  the  shores  of  lakes.     (Introduced.) 

Specimens  examined:  Providence,  Rhode  Island  (J.  F.  Collins,  July  15, 
1892,  National  Herbarium);  Kootinai  County,  Idaho  (Alton  Collection,  Septem- 
ber, 1887,  Herbarium  of  the  University  of  Minnesota);  North  Carolina  (G.  R. 
Vasey,  1878,  National  Herbarium);  Virginia  (C.  Wright,  1853,  National  Her- 
barium); Central  California  (Dr.  Palmer,  1870,  National  Herbarium);  Jefferson 
County,  Indiana  (C.  R.  Barnes,  May  20,  1870,  Herbarium  of  Purdue  University); 
Pittsford,  Vermont  (H.  L.  Osborn,  July  2,  1880,  Herbarium  of  Purdue  Uni- 
versity); Mishawaka,  Indiana  (E.  B.  Uline,  July,  1891,  Herbarium  of  J.  M. 
Coulter);  Arizona  (Palmer,  1870,  308,  Herbarium  of  J.  M.  Coulter);  Charlotte. 
Vermont  (June  10,  1879,  Herbarium  of  J.  M.  Coulter);  Hope,  Idaho  (Sandberg, 
July,  1887,  113,  Herbarium  of  J.  M.  Coulter). 

ft  I^eaves  linear,  acute  or  obtuse;  scape  cylindrical,  not  grooved,  densely 
hairy;  seeds  dark  brown,  surface  minutely  pitted. 

9.  P.  Patagonica  Jacq. — 75  mm.  to  225  mm.  high;  leaves  glabrate  or  silky 
lanate,  linear,  acutely  or  obtusely  pointed,  three  or  five  nerved,  margins  entire; 
spike  25  mm.  to  75  mm.  lon^;  densely  flowered;  scape  cylindrical,  densely  hairy, 
100  mm.  to  300  mm.  long;  sepals  very  obtuse,  villous;  corolla  with  broad  cordate 
or  ovate  lobes  (Plate  S) ;  capsule  short,  ovoid,  circumscissile  at  the  middle,  slightly 
longer  than  the  calyx,  2-seeded;  ripe  seeds  dark  brown,  surface  dull,  covered  with 
minute  pits  arranged  in  longitudinal  lines;  seeds  have  a  transverse  line  on  the 


199 

surface  near  the  center;  cross  section  anther  shape  (Plate  B,  Fig.  2);  longitudinal 
section  oval  (Plate  E,  Fig.  2);  size,  oj  mm.  x  2|  mm. ;  hilum  at  center  of  seed. 

Dry  ground,  from  the  Mississippi  River  westward. 

Specimens  examined :  Brazos,  Texas  (G.  C.  Neallev,  1889,.  National  Herba- 
rium); San  Bernardino  County,  California  (S.  B.  Parish,  April,  1890,  Herbarium 
of  J.  M.  Coulter);  Prescott,  Arizona  (Dr.  Palmer,  1869,  National  Herbarium); 
San  Diego,  Califoraia  (C.  R.  Orcutt,  April  22,  1882,  Herbarium  of  J.  M.  Coulter) ; 
San  Quentin  Bay,  California  (Palmer,  January,  1889,  Herbarium  of  J.  M.  Coul- 
ter); Austin,  Texas  (P.  Patagonica,  var.  nuda,  Elihu  Hall,  May  12,  1872,  397, 
National  Herbarium);  St.  George,  Utah  (M.  E.  Jones,  April  2,  1880,  Herbarium 
of  J.  M.  Coulter);  Portland,  Oregon  (Drake  and  Dickson,  May,  1889,  Herbarium 
of  J.  M.  Coulter) ;  Uintah,  Utah  (M.  £.  Jones,  July  2,  1880,  alt.  5,000  ft..  Herba- 
rium of  J.  M.  Coulter);  Los  Angeles,  California  (P.  Bigelovii,  H.  E.  Hasse, 
April,  1888,  National  Herbarium);  Oregon  (P.  Bigelovii,  Mrs.  Nevins,  National 
Herbarium.) 

Var.  gnaphalioides  Gray. — 75  mm.  to  125  mm.  high;  leaves  canescently  vil- 
lous, wool  often  floccose  and  deciduous,  linear  to  lanceolate,  acutely  pointed, 
margin  entire;  spike  12}  mm.  to  112}  mm.  long,  densely  flowered,  varying  to 
capitate  and  few  flowered;  bracts  oblong  to  linear,  apute,  not  exceeding  the  calyx; 
scape  50  mm.  to  225  mm.  long,  densely  woolly;  sepals  obtuse,  villous;  capsule 
slightly  longer  than  the  calyx,  2  seeded ;  size  of  seeds,  4  mm.  x  2  mm. ;  other  seed 
characters  same  as  species  (Plate  9). 

Dry,  sandy  soil,  from  Minnesota  westward  and  south  to  Texas. 

Specimens  examined :  Courtland,  Minnesota  (C.  A.  Ballard,  July,  1892, 
National  Herbarium);  Klickitat  County,  Washington  (W.  N.  Suksdorf,  May  16, 
1885,  National  Herbarium);  Minnesota  (E.  P.  Sheldon,  August,  1891,  Herbarium 
of  the  University  of  Minnesota);  Oregon  (Elihu  Hall>  1871,  362,  National  Her- 
barium); San  Diego,  Texas  (M.  B.  Croft,  18H4,  112,  National  Herbarium);  Min- 
nesota (Alton  Collection,  May  11,  1888,  Herbarium  of  the  University  of  Minne- 
sota); Lincoln,  Nebraska  (T.  A.  Williams,  June  1,  1890,  National  Herbarium); 
Blue  Earth  County,  Minnesota  (P.  Patagonica,  Sandherg  Collection,  Herbarium 
of  the  University  of  Minnesota);  Kearney,  Nebraska  (J.  H.  Holmes,  August, 
1889,  National  Herbarium);  Mexican  Boundary  Survey  (706,  National  Her- 
barium); Washington  (Dr.  Cooper,  National  Herbarium);  Utah  Valley,  Utah 
(S.  Watson,  July,  1869,  alt.  4,500  feet,  7oO,  National  Herbarium);  Eastern  Texas 
(Elihu  Hall,  April  20,  1872,  896,  National  Herbarium);  Ponca  Agency,  Okla- 
homa (Bailey,  August  5,  1892,  National  Herbarium);  El  Paso,  Texas  (M.  E. 
Jones,  April  16,  1884,  Herbarium  of  J.  M.  Coulter) ;  Hastings,  Nebraska  (June 
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23,  1888,  Herbarium  of  J.  M.  Coulter);  Indian  Territory  (G.  D.  Butler,  June  2, 
1877,  Herbarium  of  J.  M.  Coulter);  Redtield,  Dakota  (E.  Butler,  Herbarium  of 
J.  M.  Coulter). 

Var.  spinulosa.  Gray. — 75  mm.  to  125  mm.  high;  leaves  linear,  very  acut^^ly 
pointed,  three  or  five  nerved,  nearly  as  long  as  the  scape,  margins  entire,  white, 
with  long,  soft  hairs ;  spike  loosely  flowered,  25  mm.  to  100  mm.  long ;  bracts 
slightly  exceeding  the  calyx,  obtuse,  densely  hairy;  scape  covered  with  soft, 
white  hairs,  100  mm.  to  275  mm.  long;  sepals  obtuse,  scarious,  with  a  thick  cen- 
tre, densely  hairy;  slightly  longer  than  calyx,  2  seeded;  size  of  seeds  3|  mm.  x 
2  ram.;  other  seed  characters  same  as  species.     (Plate  10.) 

Found  on  dry  prairies  from  the  Mississippi  River  westward. 

Sf>ecimens  examined:  Blue  Earth  County,  Minnesota  (P.  Patagonica,  John 
Leiberg,  1883,  Herbarium  of  the  I'niversity  of  Minnesota) ,  Zanesville,  Minne- 
sota (P.  Patagonica,  var.  gnaphalioides,  B.  C.  Taylor,  June,  1891,  177,  Her- 
barium of  the  University  of  Minnesota);  Crete,  Nebraska  (P.  Patagonica,  var. 
gnaphalioides,  Herbarium  of  the  University  of  Minnesota) ;  St.  James,  Nebraska 
(P.  Patagonica,  var.  gnaphalioides,  Fred  Clements,  1893,  2615,  National  Her- 
barium); Jordan,  Minnesota  (P.  Patagonica,  var.  gnaphalioides,  C.  A.  Ballard, 
June,  1891,241,  Herbarium  of  the  University  of  Minnesota);  Wilson  Creek,  Wash- 
ington (Sandberg  Collection,  June,  1893,  Herbarium  of  the  University  of  Minne- 
sota); North  Dakota  fP.  Patagonica,  G.  A.  Holzinger,  1891,  National  Her- 
barium); New  Mexico  (P.  Pa'agonica,  var.  gnaphalioides,  Sandberg  Collection, 
April,  1880,  Herbarium  of  the  University  of  Minnesota);  Kansas  (P.  Patagonica, 
var.  gnaphalioides,  B.  B.  Smyth,  August  19,  1890,  161,  National  Herbarium); 
Kansas  (P.  Patagonica,  var.  gnaphalioides,  Sandberg  Collection,  July,  1887,  Her- 
barium of  the  University  of  Minnesota);  Minneapolis,  Minnesota  (P.  Patagonica, 
var.  gnaphalioides,  Sandberg  Collection,  June,  1892,  Herbarium  of  the  University 
of  Minnesota);  Pueblo,  Colorado  (Alton  Collection,  June,  1890,  188,  Herbarium 
of  the  University  of  Minnesota) ;  Dublin,  Texas  (C.  F.  Maxwell,  1893,  Herbarium 
of  J.  M.  Coulter). 

Var.  aristata,  Gray. — 100  mm.  to  225  mm.  high;  leaves  linear,  glabrous  to 
densely  hairy,  three  or  tive-veined,  margins  entire;  spike  cylindrical,  loosely 
or  densely  Howered,  25  mm.  to  125  mm.  long;  bracts  linear,  acute,  several  timet 
longer  than  the  calyx;  scape  slightly  to  densely  hairy,  125  mm.  to  300  mm.  long; 
sepals  obtuse,  scarious  with  a  thick  centre;  capsule  slightly  longer  than  calyx,  2 
seeded;  size  of  seeds,  5  mm.  x  2J  mm.,  other  seed  characters  same  as  species. 
(Plate  II.) 

Grows  on  prairies  and  in  dry  soil  from  the  Atlantic  coast  to  California. 
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Specimens  examined:  Stoue  Mountain,  Georgia  (G.  McCarthy,  1888,  Na- 
tional Herbarium);  San  Diego  County,  California  (C.  K.  Orcut,  April,  1870, 
National  Herbarium);  Dunson  County,  Montana  (John  Lieberg,  1883,  Herbarium 
of  the  University  of  Minnesota);  Scottville,  Texas  L.  C.  Johnson,  May  14,  1886,  Na- 
tional Herbarium);  Ellis,  Kansas  (Sandberg  Collection,  June  17,  1888,  Herbarium 
of  the  University  of  Minnesota),  Providence,  Rhode  Island  (J.  F.  Collins,  July 
8,  1892,  National  Herbarium);  Knoxville,  Tennessee  (Alton  Collection,  July, 
Herbarium  of  the  University  of  Minnesota);  Cranston,  Rhode  Island  (J.  F.  C, 
July  7,  1892,  National  Herbarium);  Fayetteville,  Arkansas  (F.  L.  Harvey,  Her- 
barium of  the  University  of  Minnesota);  Colbert's  Station,  Indian  Territory  (C.  S. 
Sheldon,  June  20,  1891,  National  Herbarium);  Suffolk,  Virginia  (P.  aristata,  A. 
A.  Heller,  June,  1893,  National  Herbarium);  Indian  Territory  (Dr.  Palmer, 
1868,  2ol,  National  Herbarium);  DeKalb  County,  Georgia  (P.  aristata,  J.  K. 
Small,  July  28,  1893,  altitude  1,100  feet,  National  Herbarium);  Converse,  Mis- 
souri (C.  R.  B.,  July,  1877,  Herbarium  of  Purdue  University);  Vigo  County,  In- 
diana (W.  S.  B.,  June  10,  1888,  Herbarium  of  DePauw  University);  Northwest 
Arkansas  (Harvey,  1881,  National  Herbarium);  Nicollett's  Northwestern  Expe- 
dition (P.  aristata,  C.  A.  Geyer,  June  6,  1839,  275,  National  Herbarium);  New 
Mexico  (E.  A.  Merus,  April  20,  1892,  126,  National  Herbarium);  Eastern  Texas 
(Elihu  Hall,  April  20,  1872,  399,  National  Herbarium);  Dakota  (Sandberg  Col- 
lection, Herbarium  of  the  University  of  Minnesota);  Texas  (P.  Patagonica,  var. 
spinulosa,  Steele,  July,  1881,  National  Herbarium);  Oklahoma  (M.  A.  Carleton, 
July,  1891,  182,  National  Herbarium);  Wilmington,  North  Carolina  (F.  V. 
Coville,  June  28,  1890,  191,  National  Herbarium),  Suffolk,  Virginia  (A.  A.  Hel- 
ler, June  8,  1893,  Herbarium  of  J.  M.  Coulter);  Camp  Lowell,  Arizona  (C.  G. 
Pringle,  April  9,  1881,  Herbarium  of  J.  M.  Coulter);  Hockley,  Texas  (W.  F. 
Thurrow,  1890,  Herbarium  of  J.  M.  Coulter);  Indian  Territory  (G.  I).  Butler, 
June  14,  1877,  Herbarium  of  J.  M.  Coulter);  Converse,  Missouri  (C.  R.  B.,  July 
14,  1877,  Herbarium  of  J.  M.  Coulter). 

Var.  nuda  Gray.— leaves  linear,  margins  entire,  scape  slender,  slightly  hairy  ; 
sepals  obtuse,  scarious,  with  a  thick  center,  hairy  ;  bracts  very  short,  acute. 

Specimens  examined:  California  (M.  E.  Jones,  March  27,  1882,  National 
Herbarium). 

Var.  lanatifolia  C.  and  F. — 112J  mm.  to  137 J  mm.  high;  leaves  linear, 
acute  or  obtuse,  very  densely  woolly,  five  or  seven  veined,  margins  entire ;  Bpike 
25  mm.  to  75  mm.  long,  cylindrical,  densely  flowered;  scape  100  mm.  to  225 
mm.  long,  densely  hairy;  sepals  obtuse,  scarious,  with  a  thick  center,  woolly; 
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capsule  ovoid,  obtuse,  circumscissile  at  the  middle,  two  Heeded;  seed  charactera  the 
same  as  the  species  (Plate  12). 

Specimens  examined  :  Industry,  Texas  (W.  H.  Wnrtzelow,  1891,  Herbarium 
of  J.  M.  Coulter). 

10.  P.  minima,  Nov.  Sp, — 25  mm.  to  50  mm.  high ;  leaves  linear,  acute, 
white,  with  long,  soft  hair j,  margins  entire ;  scape  round,  very  slender,  densely 
hairy,  25  mm.  to  125  mm.  long;  spike  capitate,  loosely  flowered,  6|  mm.  to  18} 
mm.  long;  sepals  obtuse,  scarious,  with  a  thick  center;  capsules  ovoid,  twice  as 
long  as  calyx,  2  seeded  ;  seeds  light  yellow,  surface  smooth  and  glossy,  cross  sec- 
tion anther  shaped,  longitudinal  section  oval ;  size,  2^  mm.  x  }  mm.  ;  hilum  at 
center  of  seed  (Plate  13). 

Separated  from  P.  Patagonica,  var.  gnaphoHoides,  to  which  it  is  closely  allied 
by  size  of  plant,  surface  of  sepals,  size  of  capsule,  color,  size  and  surface  of  seed. 

Dry  soil  in  western  United  States. 

Specimens  examined :  Lincoln,  Nevada  (P.  Patagonica,  var.  gnaphalioides, 
Bailey,  May  6,  181U,  1912  National  Herbarium) ;  Arizona  (P.  Patagonica,  var 
gnaphalioides.  Dr.  Palmer,  1869,  National  Herbarium) ;  Panamint  Valley,  Call 
fornia  (P.  Patagouica,  var.  gnaphalioides,  Coville  and  Funston,  April  17,  1891 
678,  alt.  400  meters,  National  Herbarium);  California  (P.  Patagonica,  var.  gnaph 
alioides,  C.  and  F.,  April  17,  181)1,  alt.  400  meters,  Herbarium  of  J.  M.  Coulter) 

*  C^)rolla  closed  over  fruit ;  leaves  ovate  to  lanceolate. 

t  Scape  grooved  ;  capsule  oblong,  circumscissile  below  the  middle ;  seeds 
black. 

11.  P.  hirtella  H.  B.  K. — 75  mm.  to  500  mm.  high  ;  leaves  oblong  to  lanceo- 
late, smooth  or  slightly  hairy,  tive  or  seven  nerved,  margins  entire  or  slightly 
denticulate ;  spike  cylindrical,  very  densely  flowered,  lower  ones  often  scattered, 
75  mm.  to  300  mm.  long;  scape  rountl,  slightly  hairy,  150  mm.  to  875  mm.  long; 
sepals  obtuse,  scarious  (Plate  14);  capsule  oblong,  slightly  longer  than  the  calyx, 
circumscissile  below  the  middle,  three  seeded ;  ripe  seeds  black,  surface  dull, 
minutely  striate  longitudinally,  cross  section  slightly  anther  shape  (Plate  B,  Fig.  3); 
longitudinal  section  oval  (Plate  E,  Fig.  .'$);  size,  1 J  mm.  x  I  mm.  ;  hilum  at  center 
of  seed. 

Dry  ground  in  western  United  States. 

Specimens  examined :  Mendocino,  California  (C.  S.  Priugle,  Aug.  3,  1882, 
National  Herbarium);  Los  Angeles,  California  (Dr.  II.  E.  Hasse,  June  5,  1888, 
National  Herbarium);  Central  California  (Dr.  E.  Palmer,  1876,  306,  National 
Herbarium);  Sweet  Water,  California  (May  7,  1884,  Herbarium  of  J.  M.  Coulter); 
Mendocino,  California  (C.  S.  Pringle,  Aug.  3,  1882,  Herbarium  of  J.  M.  Coulter). 

tt Scape  grooved ;  capsule  ovoid,  circumscissile  at  the  middle;  seeds  yellow. 
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12.  P.  Virginica  L. — 26  mm.  to  125  mm.  high;  leaves  ovate  to  obloug,  ob- 
tuse, tapering  gradually  into  margined  petioles,  sparingly  to  densely  hairy,  three 
or  five  nerved,  margins  entire  or  slightly  denticulate;  spike  cylindrical,  densely 
flowered  above,  often  loosely  flowered  below,  2')  mm.  to  175  mm.  long;  scape 
grooved,  densely  hairy,  50  mm.  to  350  mm.  long;  sepals  obtuse,  scarious  with  a 
thick  center,  hairy  (Plate  15);  capsule  short,  ovoid,  not  exceeding  the  calyx,  two- 
seeded;  ripe  seeds  golden  yellow,  surface  striated  longitudinally,  cross  section 
anther  shape  (Plate  B,  Fig.  4);  longitudinal  faction  oval  (Plate  £,  Fig.  4);  size 
li  mm.  X  ;  mm.;  hilum  at  center  of  seed. 

Low,  sandy  ground  from  Pennsylvania  to  Arizona. 

Specimens  examined  :  Cincinnati,  Ohio  (Sandberg  collection,  June  17,  188.% 
Herbarium  of  the  University  of  Minnesota);  District  of  Columbia  (W.  J.  Canby, 
1881,  National  Herbarium);  Smithville,  Pennsylvania  (A.  A.  Heller,  May  30, 
1893,  900,  National  Herbarium);  Baumgardner,  Pennsylvania  (Alton  Collection, 
May  24,  1890,  Herbarium  of  the  University  of  Minnesota);  Tucson,  Arizona  (Dr. 
Smart,  1867,  National  Herbarium);  Vinita,  Indian  Territory  (M.  A.  Carleton, 
April  17,  1891,  21,  National  Herbarium);  Wichita,  Kansas  (Sept.  30,  1889,  Her- 
barium of  J.  M.  Coulter);  Hockley,  Texas  (W.  F.  Thurrow,  1890,  Herbarium  of 
J.  M.  Coulter);  Guthrie,  Oklahoma  (M.  A.  Carleton,  May  28,  1891,  168,  National 
Herbarium),  Gillespie  County,  Texas  ((i.  Jerney,  Herbarium  of  J.  M.  Coulter); 
F'ayette  County,  Texas  (H.  Wurzlow,  1891,  Herbarium  of  J.  M.  Coulter);  Duval 
County,  Florida  (A.  H.  Curtiss,  National  Herbarium);  Lancaster,  Pennsylvania 
(A.  A.  Heller,  June  2,  1893,  National  Herbarium);  Arizona  (C.  (J.  Pringle,  April, 
18S1,  Herbarium  of  J.  M.  Coulter);  Hibernia,  Florida  (W.  M.  Canby,  March,  1869, 
National  Herbarium);  Charleston,  Indiana  (C.  R.  B.,  May  14,  1877,  Herbarium 
of  Purdue  University);  Lancaster,  Pennsylvania  (A.  A.  Heller,  May  30,  lS9;i, 
Herbarium  of  J.  M.  Coulter). 

Var.  longifolia.  Gray. — Leaves  oblong,  spatulate,  62 J  mm.  to  125  mm.  long, 
tapering  gradually  into  long  petioles,  margins  slightly  denticulate  or  strongly 
toothed;  seed  characters  same  as  species  (Plate  16). 

Specimens  examined  :  Little  Rock,  Arkansas  ( Dr.  Hasse,  May,  1S86,  National 
Herbarium);  Brazos,  Texas  (G.  C.  Nealley,  1889,  National  Herbarium);  Brazos, 
Texas  (P.  Virginica,  G.  C.  Nealley,  1889,  National  Herbarium);  Industry,  Texas 
(H.  Wurzlow,  1890,  Herbarium  of  J.  M.  Coulter). 

ttt Scape  not  grooved;  capsule  oblong,  circumscissile  below  the  uiiddle;  seeds 
dark  red. 
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13.  P.  rubra,  Nov.  Sp. — 62^  mm.  to  100  mm.  high;  leaves  oblong,  densely 
hairjy  sometimes  having  a  reddish  color,  three  or  five-nerved,  obtuse,  margins  en- 
tire or  strongly  denticulate,  petioles  short,  densely  hairy;  spike  cylindrical,  densely 
flowered,  12^  mm.  to  125  mm.  long;  scape  densely  hairy,  25  mm.  to  200  mm.  long; 
sepals  acute,  scarious,  with  a  thick  centre  (Plate  17) ;  capsule  oblong,  obtuse, 
sometimes  purple,  longer  than  the  calyx,  circumscissile  below  the  middle,  two- 
seeded;  ripe  seeds  dark  red,  surface  dull,  minutely  striate  longitudinally,  cross 
section  slightly  anther  shape  (Plate  B,  Fig.  5);  longitudinal  section  oval  (Plate 
E,  Fig.  5);  size  5  mm.  x  2}  mm.;  hilum  at  centre  of  seed. 

Separated  from  P.  Virginica  by  the  dense  hairs,  acute  sepals,  shape  and  de- 
hiscense  of  capsule,  color,  cross  section  and  size  of  seeds. 

Sandy  soil  in  western  United  States. 

Specimens  examined;  Indian  Territory  (P.  Virginica,  Dr.  Palmer,  1868, 
253,  National  Herbarium);  Southwestern  Texas  (P.  Virginica,  Dr.  Palmer,  Sep- 
tember, 1879,  1108,  National  Herbarium);  Mesas,  Arizona  (P.  Virginica,  var. 
longifolia,  C.  F.  Pringle,  May  3,  1884,  National  Herbarium);  Mexican  Boundary 
Survey  (P.  Virginica,  W.  H.  Emory,  707,  National  Herbarium);  Mesas,  Texas 
(P.  Virginica,  var.  longifolia,  C.  F.  Pringle,  May  3,  1884,  Herbarium  of  J.  M. 
Coulter}. 

14.  P.  sparsiMora  Michx. — The  description  of  this  species,  according  to  Chap- 
man's Manual,  is  as  follows:  Leaves  smooth,  lanceolate,  toothed  or  entire,  nar- 
rowed into  a  long  petiole;  scape  much  longer  than  the  leaves,  pubescent  below; 
spike  6^  to  9''  long,  loosely  Howered;  bracts  ovate;  calyx  lobes  obtuse;  capsule 
two- seeded. 

Moist  pine  barrens,  Georgia  and  South  Carolina.    June — September. 

The  following  specimens  so  referred  were  examined:  Putnam  County,  In- 
diana (D.  T.  McDougal,  July  30,  1888,  DePauw  Herbarium);  Union  County, 
Illinois  (G.  H.  French,  July  27,  1878,  National  Herbarium);  Wyandotte,  Kansas 
(Elihu  Hall,  September,  18(>9,  National  Herbarium);  Columbia,  South  Carolina 
(E.  A.  Smith,  April  15,  1891,  Herbarium  of  the  University  of  Minnesota). 

The  first  three  of  these  should  be  referred  to  P.  Rugelii  and  the  fourth  one 
to  P.  Virginica. 

iZ.  Flowers  polygamo — dioecious;  stamens,  2;  corolla  closed  over  fruit; 
seeds  irregularly  lobed  in  cross  section. 

^  Leaves  linear  to  filiform,  smooth  or  minutely  pubescent;  scape  very  slender. 

15.  P.  elongata  Pursh.  (P.  pusilla,  Nutt.). — 25  mm.  to  100  mm.  high;  leaves 
linear  to  filiform,  smooth  or  minutely  pubescent,  margins  entire;  spike  12}  mm. 
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to  100  mm.  long,  loosely  flowered;  scape  3\\  mm.  to  150  mm.  long,  slender,  spar- 
ingly hairy ;  sepals  obtuse,  scarious  with  a  thick  center  (Plate  18) ;  capsule  short, 
ovoid,  obtuse,  slightly  longer  than  the  calyx,  circumscissile  at  the  middle,  4 
seeded  ;  ripe  seeds  light  brown,  surface  dull,  deeply  pitted,  cross  section  irregu- 
larly and  deeply  lobed  (Plate  C,  Fig.  1);  longitudinal  section  irregularly  lobed 
(Plate  F.,  Fig.  1) ;  size,  1|  mm.  x  i  mm. ;  hilum  at  center  of  seed. 

Dry,  sandy  soil,  or  damp  places  in  western  and  southern  United  States. 

Specimens  examined:  Shannon  County,  Missouri  (6.  F.  Bush,  April  13, 
1889,  National  Herbarium) ;  Nicollet's  Northwestern  Expedition  (C.  A.  Geyer, 
June  20,  1839,  279,  National  Herbarium) ;  Western  Klickitat  County,  Washington 
(W.  N.  Suksdorf,  April  26,  1883,  National  Herbarium);  Lincoln,  Nebraska 
(Aiton  Collection,  May,  1888,  Herbarium  of  the  University  of  Minnesota) ;  Mus- 
kogee, Indian  Territory  (M.  A.  Carleton,  April,  1891,  64,  National  Herbarium) ; 
lodan  Valley,  Utah  (Sereno  Watson,  June,  1869,  749,  National  Herbarium); 
Portland,  Oregon  (Drake  and  Dickson,  April,  1887,  Herbarium  of  J.  M.  Coulter) ; 
East  Hampton,  Long  Island  (E.  S.  Miller,  June  2,  1877,  Herbarium  of  J.  M. 
Coulter);  Oregon  (T.  Howell,  April,  1885,  National  Herbarium);  Georgia  (T.  C. 
Porter,  1847,  National  Herbarium) ;  Dakota  (Sandberg  Collection,  Herbarium  of 
the  University  of  Minnesota) ;  Springfield,  Missouri  (J.  W.  Blankinship,  1888, 
National  Herbarium) ;  Montana  (R.  S.  Williams,  June  25,  1888,  301,  Herbarium 
of  the  University  of  Minnesota) ;  Arkansas  (Sandberg  Collection,  April-May,  103, 
Herbarium  of  the  University  of  Minnesota) ;  Seattle,  Washington  (P.  Bigelovii, 
E.  C.  Smith,  June  21,  1890,  National  Herbarium);  California  (P.  Bigelovii,  M. 
£.  Jones,  March  28,  1882,  National  Herbarium). 

16.  P.  heterophylla  Nutt. — 25  mm.  to  100  mm.  high;  leaves  linear  to  fili- 
form, smooth  or  slightly  pubescent,  margins  entire;  spike  6}  mm.  to  50  mm.  long, 
loosely  fiowered,  lower  ones  often  scattered ;  scape  smooth  or  slightly  pubescent, 
very  slender,  25  mm.  to  125  mm.  long;  sepals  obtuse,  scarious  with  a  thick  center 
(Plate  19);  capsule  conical,  nearly  twice  as  long  as  calyx,  circumscissile  below 
the  middle,  10-28  seeded;  ripe  seeds  light  brown,  surface  dull,  deeply  pitted, 
cross  section  irregularly  and  deeply  lobed  (Plate  C,  Fig.  2);  longitudinal  section 
irregularly  lobed  (Plate  P*,  Fig.  2);  size  |  mm.  x  \  mm. ;  hilum  at  center  of  seed. 

Low  or  sandy  ground  in  western  and  southern  United  States. 

Specimens  examined:  Statesville,  North  Carolina  (Sandberg  Collection, 
Herbarium  of  the  University  of  Minnesota);  Eastern  Texas  (Elihu  Hall,  April 
10,  1872,  395,  National  Herbarium);  Wilmington,  California  (C.  G.  Pringle, 
March  31,  1882,  National  Herbarium);  Aiken,  South  Carolina  (W.  M.  Canby, 
May,  1869,  National  Herbarium) ;  Wilmington,  California  (C.  G.  Pringle,  March 
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31,  1882,  Herbarium  of  the  University  of  Minnesota);  Aiken,  South  Carolina 
(W.  M.  Canbj,  May,  1869,  Herbarium  of  J.  M.  Coulter) ;  Florida  (Chapman, 
National  Herbarium) ;  Hockley,  Texas  (W.  F.  Thurrow,  1890,  Herbarium  of  J. 
M.  Coulter);  Wilmington,  California  (C.  6.  Pringle,  March  31,  1882,  Herbarium 
of  J.  M.  Coulter). 

17.  P.  Bigelovii,  Gray. — 37J  mm.  to  75  ram.  high;  leaves  linear  to  filiform, 
obtuse,  smooth  or  minutely  pubescent,  entire  or  slightly  denticulate;  spike  6} 
mm.  to  31]  mm.  long,  loosely  or  densely  flowered;  scape  slightly  hairy,  50  mm. 
to  100  mm.  long;  sepals  broadly  oval,  obtuse,  scarious  with  a  thick  center;  flowers 
twice  as  large  as  those  of  P.  pusilla,  stamens  exserted  but  not  as  long  as  the  style 
(Plate  20) ;  capsule  conical,  slightly  longer  than  the  calyx,  circumscissile  below 
the  middle,  5  or  6-seeded;  seeds  light  brown,  surface  dull,  minutely  pitted,  cross 
section  slightly  irregularly  lobed  (Plate  C,  Fig.  3);  longitudinal  section  oval 
(Plate  F,  Fig.  3);  size  li  mm.  x  A  mm. ;  hilum  at  center  of  seed. 

Moist  and  saline  soil  western  United  States. 

Specimens  examined:  Vacaville,  California  (W.  L.  Jepson,  May  31,  1891, 
National  Herbarium);  Vacaville,  California  (W.  L.  Jepson,  May  31, 1891,  Herba- 
rium of  the  University  of  Minnesota) ;  North  Lower  California  (Sandberg  Col- 
lection, March,  188(>,  Herbarium  of  the  University  of  Minnesota). 
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A  Microscopic  Examination  of  Certain  Drinking   Waters.     By   George 

J.  Pierce,  F.  M.  Andrews,  and  A.  C.  Life. 


The  Effects  of  Drought  Upon  Certain  Plants.— An  Experimental  Study. 

By  Clara  Cunningham. 

Because  of  the  general  knowledge  of  the  subject,  and  the  great  influence  of 
drought  upon  the  economics  of  agriculturists  and  manufacturers,  the  following 
experiments  were  undertaken. 

The  purpose  of  this  paper  is  to  show  by  results  of  experiments  the  effects  of 
drought  not  only  upon  the  general  appearance  of  the  plants  studied,  but  more 
especially  upon  the  different  tissues. 

The  plants  used  for  observation  were  grown  under  conditions  fayorable  to 
normal  and  healthy  growth  for  three  or  four  weeks  or  until  the  plants  were  large 
enough  to  use  for  experimentfi ;  then  removed  and  subjected  to  drought. 

The  simple  apparatus  used  to  give  the  favorable  conditions  in  air  and  soil, 
consisted,  first,  of  a  large  glass  box  8  ft.  long,  2  ft.  wide,  and  IJ  ft.  deep,  and  fit- 
ted with  a  glass  cover;  second,  a  number  of  Erlenmeyer  flasks  fitted  with  perfor- 
ated stoppers  holding  long  glass  tubes.  These  flasks  were  filled  with  water  and 
inverted  so  that  the  glass  tubes  dipped  into  shallow  pans  containing  the  plants  in 
flower  pots. 

The  plants  used  in  the  experiments  were  Oxalis,  Canna,  corn,  common  bean, 
Castor  bean  and  cucumber.     In  making  the  drawings  the  camera  hicida  was  used. 

Two  Oxalis  plants  were  taken  from  the  green  house.  These  plants  were  of 
equal  size  and  uniform  appearance.  One  of  these  plants  was  examined  immedi- 
ately, and  one  was  placed  in  the  dry  air  of  the  laboratory  and  a  minimum  amount 
of  moisture  supplied  to  the  roots. 

Comparing  the  two  plants  as  regards  general  appearance,  I  noticed  that  the 
oldest  leaves  of  the  plant  subjected  to  drought  soon  grew  yellow  and  dropped  ofl. 
The  leaves  just  budding  when  brought  into  drought  grew  very  slowly,  and  did 
not  expand  properly,  and  presented  a  peculiarly  twisted  or  folded  surface.  After 
being  subjected  to  drought  five  weeks  the  leaf  stalks  had  grown  in  length  only 
three  inches,  were  of  an  intense  dark  green  color,  and  somewhat  stiffened  or 
woody.  I^eavec  of  plants  subjected  to  drought  also  showed  a  tendency  to  earlier 
acquire  the  xanthophyll  than  those  of  plants  under  normal  conditions.     The  effect 
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of  drought  on  the  trichomes  caused  the  plant  to  become  exceedingly  viscous,  giv- 
ing the  plant  a  glistening  appearance.  Another  eflect  of  drought  on  the  general 
Appearance  of  the  plant  was  the  prevention  of  the  opening  of  the  flower  buds, 
which  soon  withered. 

In  the  case  of  the  plant  kept  under  normal  conditions  for  the  same  length  of 
time  the  leaves  expanded  perfectly,  the  leaf  stalks  were  much  elongated  and  quite 
Hexible.  The  plant  was  of  lighter  green  color,  and  in  general  did  not  show  the 
dwarfed  appearance  of  plants  subjected  to  drought. 

When  examined  with  a  microscope  the  different  tissues  are  found  to  show  as 
marked  differences  as  the  general  appearance  of  the  plants. 

When  we  compare  two  strips  of  epidermis,  one  taken  from  the  lower  surface 
of  the  leaf  of  the  plant  grown  under  normal  conditions  and  one  from  a  plant  sub* 
jected  to  drought ;  the  first  difference  noticed  is  that  of  the  turgescence  of  the 
plant  cells.' 

The  cells  of  the  plants  grown  under  normal  conditions  are  very  large  and 
turgescent. 

The  cells  of  plants  subjected  to  drought  lack  turgescence,  and  show  a  weak, 
flaccid  cell  wall,  are  also  much  smaller  than  these  under  influence  of  moisture. 
The  growth  of  the  cells  being  retarded,  the  stomata  are  brought  nearer  to  each 
other  so  that  the  number  per  inch  is  1400,  while  the  number  under  normal  con- 
ditions is  only  400  per  inch. 

Drought  also  causes  a  slight  change  in  the  guard  cells,  producing  a 
corresponding  change  in  the  breadth  of  the  stomata. 

See  figures  I  and  IT. 

The  trichomes  of  Oxalis  are  numerous  and  are  of  the  glandular  variety. 
Their  distribution  over  the  surface  of  the  leaf  corresponds  to  that  of  the  stomata. 
On  the  epidermis  of  plants  subjected  to  drought  the  trichomes  are  more  numerous 
than  those  of  plants  grown  under  moist  conditions;  ate  also  shorter  and  more 
globular. 

The  cells  of  normal  plants  contain  an  abundance  of  starch  ;  under  the  inflU' 
ence  of  drought  this  starch  is  greatly  diminished. 

The  Canna  was  the  next  plant  observed,  and  was  if  possible  more  changed  by 
drought  as  regards  manner  of  growth  than  the  Oxalis.  The  plant  was  only  sub- 
jected to  drought  for  three  weeks,  but  in  that  short  time  the  growth  was  consider- 
ablv  retarded. 

When  the  seeds  of  the  Canna  are  allowed  to  germinate  under  conditions  of 
drought,  the  plantlets  grow  very  slowly,  sending  out  numerous  opposite  leaves. 
When  the  plants  were  removed  to  good  conditions  for  growth,  they  refused  for 
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several  weeks  to  grow;  then  above  the  stunted  portion  strong  leaf  stalks  shot 
upward,  and  in  three  weeks  had  attained  a  height  twice  as  great  as  the  stunted 
portion  had  reached  in  two-  months.  The  leaves  of  plants  grown  under  normal 
conditions  were  alternate. 

The  efiect  of  drought  on  the  Canna  was  not  as  immediate  as  in  case  of  the 
Oxalis,  not  causing  wilting,  but  in  time  became  more  decided  because  of  the 
changed  position  of  the  leaven. 

The  structural  ditferencen  were  quite  apparent.  In  a  strip  of  epidermis  taken 
from  the  leaf  of  a  normal  plant  the  cells  were  irregular  and  angular;  the  angles 
were  held  firmly  in  position  by  the  turgescence.  The  guard  cells  showed  a  6rm 
outline.  The  stomal  opening«)  were  ({uite  narrow.  The  stomata  were  slightly  more 
numerous  under  drought,  being  600  per  inch,  in  normal  plants  400  per  inch.  The 
stomata  openings  were  also  wider  in  drought.     See  figures  3  and  4. 

The  common  bean  will  apparently  withstand  more  drought  than  any  of  the 
plants  examined.  The  general  appearance  of  the  plant  was  not  materially 
changed.  The  grow-th,  however,  was  retarded  by  drought,  the  stalk  only  growing 
half  as  long  as  the  stalk  of  normal  plant  in  the  same  length  of  time.  The  shorter 
stalk  was  also  larger  in  diameter.  The  plant  grown  under  favorable  conditions 
was  more  flexible,  not  because  of  lack  of  turgescence,  but  because  of  lack  of  thicker 
cell  walls  developed  by  drought. 

The  plant  cells  were  smaller  and  less  turgescent  when  subjected  to  drought. 
The  stomata  were  increased  in  number,  the  guard  cells  metamorphosed,  and  the 
stomal  openings  larger  than  those  of  plants  grown  in  moisture. 

The  trichomes  of  the  bean  are  not  branched,  and  are  of  the  non-glandular 
variety.  When  subjected  to  drought  they  remain  shorter,  and  the  diameter  is 
increased  slightly. 

In  a  cross  section  of  the  stem  of  plants  subjected  to  drought,  the  non- 
turgescence  of  the  cells  was  shown,  also  a  slight  thickening  of  the  cell  walls.  This 
thickening  was  demonstrated  by  the  time  required  for  the  iodine  to  penetrate  the 
cell  walls  as  compared  with  the  walls  of  cells  grown  in  favorable  conditions.  See 
figures  o  and  6. 

The  general  appearance  of  corn  showed  the  effects  of  drought  more  in  change 
of  color  and  the  tendency  of  the  leaves  to  twist  and  wrinkle  lengthwise.  The 
growth  was  also  stunted. 

The  epidermis  was  more  difficult  to  separate  from  the  underlying  tissue  of 
plants  subjected  to  drought  than  from  plants  under  normal  conditions.  The  char- 
acteristic difference  in  turgescence  of  the  cells  was  shown,  also  metamorphosed 
guard  cells  and  stomata.     See  drawings,  plates  7  and  8. 
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The  Castor  bean  can  withstand  the  least  amount  of  drought  of  any  of  the 
plants  observed.  After  being  subjected  to  drought  for  one  week,  there  was  a  de- 
cided change  in  general  appearance.  The  leaves  wilted  and  shrivelled,  and  the 
stalk  was  not  turgescent  enough  to  remain  erect,  but  wilted.  It  was  almost  impos- 
sible to  obtain  the  epidermis  from  the  leaf  because  of  its  clinging  to  the  under- 
lying tissue.  By  referring  to  the  accompanying  drawings  of  the  Castor  bean 
(Plate  9)  the  differences  in  structure  of  the  plants  grown  under  the  different  con- 
ditions may  be  seen.  The  stomatal  guard  cells  and  the  surrounding  tissue  cells 
are  seen  to  be  smaller  in  plants  subjected  to  drought.  The  stomata  are  increased 
in  number  from  500  per  inch  in  moist  air  to  700  per  inch  in  drought. 

A  cross  section  of  the  stem  showed  the  characteristic  difference  in  turgid ity 
and  size  of  the  cells. 

The  efTect  of  drought  on  the  cucumber  in  general  is  to  destroy  the  turgescence 
and  give  the  stem  a  wilted  appearance.  The  number  of  stomata  are  increased  in 
drought,  as  seen  in  figure  10. 

From  the  above  experiments  it  may  be  seen  that  immature  plants  subjected 
to  drought  for  only  a  short  time  have  decided  changes  in  general  appearance  and 
structure.  It  seems  very  probable  that  in  different  plants  such  changes  might 
occur,  as  a  result  of  drought,  as  would  greatly  change  not  only  the  habits  of  the 
plant  but  its  life  history. 
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Additions  to  the  Cryi*to<;amic  Flora  of  Indiana.     By  J.  C.  Arthur. 

It  was  not  my  privilege  to  be  present  at  the  meeting  of  the  Academy  a  year 
ago,  at  which  time  I  was  appointed  to  take  charge  of  a  part  of  the  work  of  the 
Biological  Survey  of  the  8tate.  No  official  notice  of  my  appointment  has  ever 
reached  me,  and  no  material  appertaining  to  the  Survey,  such  as  herbarium  spec- 
imens upon  which  the  work  of  the  Survey  is  based,  reserve  or  duplicate  speci- 
mens for  exchange,  books,  circulars,  extra  copies  of  lists  already  reported,  etc., 
have  yet  been  turned  over  to  me,  if,  indeed,  such  exist.  This  state  of  affairs  has 
caused  some  doubt  in  the  mind  of  the  writer  as  to  the  exact  degree  of  responsi- 
bility which  has  fallen  to  him,  and  some  uncertainty  as  to  the  scope  of  the  work 
he  is  expected  to  superintend. 

Some  good  intentions  of  the  earlier  part  of  the  year,  to  send  out  appeals  to 
the  botanists  of  the  State  for  their  support  and  active  co6|)eration,  were  allowetl 
to  remain  in  embyro.  A  year  has  thus  passed,  and  no  special  effort  has  been 
made  to  further  the  interests  of  the  Survey.  But  the  writer  desires  to  state  most 
emphatically,  and  he  would  do  it  orally  were  he  able  to  be  present  at  the  current 
meeting  of  the  Academy,  that  this  lack  of  activity  is  not  due  to  a  want  of  sym- 
pathy with  the  aims  of  the  Survey  or.  unwillingness  to  give  as  much  effort  to  the 
work  as  time  and  opportunity  permit. 

The  following  list  of  species  is  the  result  of  setting  aside  such  specimens  as 
came  to  my  attention  during  the  year,  that  have  not  appeared  in  the  previous 
lists  of  the  Survey.  They  have  been  handed  to  me  by  various  persons,  but  all 
residents  of  Lafayette,  in  part  members  of  the  University  and  in  part  citizens  of 
the  town.  It  includes  all  classes  of  cellular  cryptogams  coming  to  hand  except 
Ureflinetfj  which  are  reported  in  a  paper  to  be  presented  by  Miss  Lillian  Snyder. 

It  is  to  be  hoped  that  at  the  next  annual  meeting  a  far  larger  showing  can  be 
made,  although  the  present  list  is  by  no  means  uninteresting.  If  every  collector 
will  send  to  the  writer  whatever  may  come  in  his  way,  whether  its  value  is  known 
or  not,  it  will  be  easy  to  greatly  extend  the  list,  and  in  this  way  to  distribute  the 
labors  of  the  Survey  so  that  it  will  not  be  burdensome,  and,  indeed,  may  yield  a 
measure  of  scientific  profit  to  the  participantn. 

Aixi.*:. 

Cladophora  glomerata  yennina  Kirch. 

On  wood  in  Wabash  River.     Tippecanoe  10,  180(i  (R.  I.  Hight.) 
Channvsiphon  confervicola  A.  Br. 

On  Hydrodictyon,  Spirogyra  and  other  algti*.     Tippecanoe  11,  1896  (Miss  K. 
E.  Golden). 
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AOARICINEjK. 

Lepiota  proeera  Scop. 

On  ground  in  open  woodland.     Tippecanoe  5,  1896  (Throckmorton'. 

This  well  known  edible  agaric  was  found  in  considerable  abundance  in  one 
place.  The  specimens  were  finely  developed,  the  pileus  of  many  measuring  four 
to  five  inches  in  diameter.  They  were  distributed  to  several  families,  and  prob- 
ably as  many  as  a  score  of  persons  ate  of  them.  They  were  palatable  and  pro- 
nounced good  eating.  The  results,  however,  were  unpleasant,  for  a  majority  of 
the  persons  who  ate  of  them,  even  in  small  amount,  were  made  sick.  The  symp- 
toms in  this  instance  were  not  those  of  poison,  but  everything  indicated  that  the 
mushrooms  were  highly  indigestible.  Whether  this  was  due  to  the  mode  of 
cooking,  or  to  the  age  of  the  specimens,  or  to  some  other  cause,  was  not  ascertained. 

PUurotus  aapidus  Kalch. 

On  decaying  stump.     Tippecanoe  7,  1896  (Arthur). 

This  is  also  a  large  edible  species,  but  its  merits  were  not  tested.  It  made  its 
appearance  about  the  first  of  July  in  a  lawn  where  a  tree  had  been  cut  down  and 
the  trunk  cut  off  about  six  inches  below  the  surface  of  the  ground.  The  fungus 
flourished  until  a  yellow  mycetozoan  ( Tilmadoche  gyroMi )  spread  over  the  gills,  and 
in  the  course  of  a  week  devoured  the  whole  fungus,  leaving  only  a  small  amount 
of  debris  not  exceeding  the  size  of  a  walnut.  The  mycetozoan,  having  no  more 
food,  spread  out  over  the  grass  of  the  lawn  a  yard  in  all  directions  and  went  into 
the  fruiting  stage.  After  a  few  days  a  fresh  crop  of  the  agaric  appeared,  the  rain 
dissolved  the  fruit-heads  of  the  mycetozoan,  and  it  again  attacked  the  fungus. 
This  alternation  continued  until  frosts  and  chilly  days  put  an  end  to  the  activity 
of  the  mycetozoan.  The  agaric  continued  to  flourish,  however,  throughout  the 
winter,  making  some  growth  whenever  not  frozen,  and  proving,  in  fact,  of  about 
the  same  hardiness  and  vigor  as  winter  wheat  plants.  When  frozen  solid,  a  piece 
taken  into  a  warm  room  appeared  as  fresh  and  unharmed  upon  being  thawed  as  if 
never  frozen.  The  severe  changes  of  thawing  and  freezing  in  March  and  April  at 
last  killed  the  fungus. 

LICHEN  ES. 

Cladonia  mitrula  Tuck. 

On  ground  in  pastures.     LaPorte  6,  1883  (Arthur).     Determined  by  Fink. 

MUCORACE^:. 

Mucor  ra/cemosM  Fres. 

On  starchy  food  (cracker).     Tippacanoe  2,  189:)  (  Miss  Lillian  Snyder). 

Rhizopus  nigricans  Ehrenb. 

On  germinating  seeds.     Tip]>ecanoe  2,  1896  (Arthur). 
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Ehisopus^  elegans  (  Eidam)  Ber.  &  De  T. 

On  masses  of  corn  smut.     Tippecanoe  2,  1896  (Wm.  Stuart ). 

Thamnidium  elegans  Lk. 

On  vegetable  refuse  in  greenhouse.     Tippecanoe  1,  1896  (Arthur). 

MISCELLANEOUS    FUNGI. 

Aaeophanus  caimcui<  (  Pers. )  Boud. 

On  paper  lying  against  sheep's  dung.     Tippecanoe  3,  1896  (Arthur). 

Ch^rtominm  bosti-yehodea  Zopf. 

On  sheep's  dung.    Tippecanoe  8,  1896  (Arthur).     Determined  by  J.  B.  EIHp. 

Monilia  Martinn  E.  &  8. 

On  a  culture  of  mold  in  the  laboratory.     Tippecanoe  3,  1896  (Arthur). 

Determined  by  J.  B.  Ellis,  who  thinks  that  while  not  agreeing  exactly  with 
this  species  as  it  usually  appears,  yet  is  not  distinct  enough  to  merit  a  sepa- 
rate description. 

Podospora  penieillcUa  E.  &  E. 

On  sheep's  dung.     Tippecanoe  2,  1896  (Arthur). 

Stilbiim  enjthrocephalum  Ditm. 

On  rabbit's  dung.     Tippecanoe  10,  1896  (  Burrage). 

^tkhcUia bombacina   Pers.  (InMitaU  bombacina  Fr.,  Sporotrichum  bombacinum  Lk.) 

On  dead  wood  under  a  board  walk.     Tippecanoe,  1895  (Stanley  Coulter). 

Determined  by  J.  B.  Ellis,  who  has  also  received  it  from  North  Carolina, 
Louisiana  and  Mexico,  collected  in  similar  situations.  It  forms  large,  thick, 
cake-like  masses,  six  inches  or  more  in  length,  of  a  dark  purple  color,  with  an 
efflorescence  of  white  spores,  and  exudes  a  watery  lit^iid  that  collects  both  inside 
and  outside  the  mass  in  copious  amber-colored  dro{)s. 


The  Uredine-e  of  Tippecanoe  County,  Ind.     By  Lillian  Snydeb. 

Up  to  the  present  time  about  seventy  species  of  Uredinen'  have  been  found 
within  Tippecanoe  County,  out  of  which  there  are  about  Gfteen  that  are  new  to 
the  State  of  Indiana.  These  species  I  wish  t«»  i)resent  to  you,  noting  the  points  of 
interest  concerning  them.  All  the  species  herein  mentioned  have  been  closely 
examined  by  the  writer  in  order  to  detect  any  differences  from  typical  specimens 
that  might  exist,  caused  from  difference  in  locality  or  otherwise. 
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Some  of  the  additional  species  iiientione<l  are  so  rare  that  it  was  with  diffi- 
culty a  good  specimen  was  collected,  while  others  are  so  abundant  that  it  seems 
strange  they  have  not  been  previously  reported. 

The  collector's  name,  with  date  of  collection,  follows  the  name  of  the  host, 
and  the  specimens  may  be  found  in  the  herbarium  of  the  persons  named.  Those 
not  so  designated  are  in  my  own  collection. 

Sincere  thanks  are  extended  to  Dr.  J.  C.  Arthur  for  his  assistance  in  the  de- 
termination of  many  of  the  host  plants. 
ulijcidium  atterum  Schw.     Very  common. 

On  After  sp.,  6,  1896. 
^£bi(2ium  eomponitarum.     As  this  is  only  a  convenient  name  under  which  to 
place  forms  found  on  compositie,  the  host  holds  an  important  part  in  the  classifica- 
tion.    The  form  on  Eupatorium  was  found  in  May  and  June,  growing  in  marshy 
ground.     All  plants  observed  were  well  covered  with  the  ^fJcidia. 
On  Eupatorium  perfoliatumf  ">,  6,  1896. 
^Eridium  tuphorbiatr  Gmel.     Common. 

On  Euphorbia  vMievlalQy  8,  1887  (Arthur). 
On  Euphorbia  dentata,  5,  1896. 
^Ecidium  fferanii  DC.     Rare. 

On  Geranium  maeulaiumj  5,  1894  {Golden). 
^Ecidium  impatientis  Schw.     Common. 

On  Impaiienn  pallida^  6,  1896. 
^Eridium  irnotherm  Pk.     Common. 
On  (Enothera  biennis^  6,  1S96. 
^Ecidium  penUuiemonin  Schw.  was  collected  in  the  immediate  vicinity  of  La- 
fayette by  Mr.  Stuart,  and  although  the  species  was  found  in  abundance  in  that 
particular  locality,  a  close  examination  of  the  Pentstemon  plants  on  the  part  of 
others  failed  to  reveal  the  parasite  in  other  parts  of  the  county. 

The  spots  are  irregularly  scattered  over  the  leaf,  appearing  purple  in  the 
fresh  specimen,  turning  brown  when  dry. 

On  PenUiemon  pubescenHf  5,  1896  (Stuart). 
^Ecidium  Ptelea  B.  &  C.     Kare. 

On  Ptelea  perfdiatum,  6,  1896. 
.^idium  ranunculacearum  IK'. 

Cultures  have  been  made  by  Plowright  working  out  the  life  history  of  the 
species  and  thus  connecting  the  first  and  third  stages,  but  it  is  probable  that  the 
American  dififers  from  the  European  forms. 
On  Anemone  Pemutyiixinicaj  (5,  1895. 
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.^idium  trillii  Burrill.  In  this  species  the  sori  are  usually  in  circular 
patches,  the  central  portion  free  from  the  rust,  or  eating  through  to  the  upper 
side  of  the  leaf. 

The  species  is  very  closely  allied  to  ^Ecidium  couraUaneia  of  Schweinitz. 
On  Trillium  »p.,  6,  1894  (Golden). 

^Ecidiuyn  verbence  Spreng.  is  extremely  abundant.  In  the  last  season  almost 
every  plant  of  Verbena  striday  I  observed,  was  affected  with  the  rust.  The  plants 
grow  along  the  roadside,  and  even  on  streets  leading  out  of  town. 

The  fungus  may  be  found  on  the  lower  leaves  of  the  host  near  the  ground, 
and  the  ^tJcidia  occur  usually  in  white  circular  spots,  scattered  irregularly  over 
the  under  surface  of  the  leaves  and  producing  a  discoloration  of  the  leaf. 
On  Verbena  stricfaj  6,  18%. 

Oroma  agrimonifv  Schw,     Common. 
On  Agrimonia  Eupatoria^  7,  1896. 

Cole^mtporium  hydrangea'  (B.  &  C.)  Only  the  uredospores  of  this  species  were 
found,  and  these  seemed  to  be  in  great  abundance  in  various  parts  of  the  county. 

The  species  is  described  by  most  writers  under  the  genus  Uredoj  but  the  third 

stage  has  recently  been  found  and  connected  with  the  UredOj  thus  putting  it  in  the 
proper  genus. 

On  Hydrangea  arbarescenSf  9,  1896. 
Coleosporium  ipomoe(ft  (Schw.)  Burrill.     In  this  the  teleutospores  do  not  usu- 
ally appear  until  late  in  autumn  after  frost'.     They  occur  in  bright  orange  sori 
with  spores  from  four  to  six  celled,  cells  soon  separating  at  the  septa  and  losing 
their  bright  color. 

On  Ipomt£a  sp.     12,  1895  (Arthur),  7,  1896. 
Col eotqyorium  Sonchi-arvefisis  (Fers.)  Ij€V.     Common. 

On  Solidago  sp.     6,  1896. 
Diorchidium  lateripe^  (B.  <&  R.)  Mg.     Common. 

On  Rv4illiaiUrepenfi,  11,  1895  (Stuart),  6,  1896. 
<jiyranonporangimn  macropus  Lk.     Common. 

On  Juniperus  virginianaj  3,  1889  (Bolley). 

On  Pyrus  coronaria,  9,  1892  (Arthur),  6,  1896. 
Melampsora  populina  (JeLCi{.)  Lev.     Common. 

On  PoptUus  monilifera^  7,  1896. 
Melampaora  Salici4<-caprefr  (FcT,)  Wint.     Common. 

On  Salix  discolor,  8,  1896. 
Phragmidinm  fragarifr  {DC)     Wint.     Rare. 

On  PotentUla  canadensis,  6,  1896. 
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Phragmidium  xpefiosum  (Fr.)  Arth. 

Stages  I  and  II  of  this  species  are  found  on  the  same  host,  the  trcidia  appear- 
ing in  summer  as  reddish-yellow  spots  that  follow  the  veins  and  petioles  of  the 
leaves,  producing  much  distortion.  The  thinl  stage  appears  about  two  months 
later,  and,  in  specimen  examined,  on  the  same  individual  host  as  the  ipcidia. 

On  Rosa  Carolina,  7,  9,  1895  (Arthur),  5,  1895. 
Piiccinia  Anemone-virginiamF  Schw.  was  first  described  by  Schweinitz  as  early 
as  1822,  in  the  "Synopsis  Carolina,"  under  the  name  P.  anemone'virginarnv,  and  is 
referred  to  by  him  in  a  later  work  under  the  name  P.  solida. 

The  sori  occur  in  dark-brown  hardened  spots,  difficult  to  free  from  the  host. 
The  spores  are  long  and  linear,  and  slightly  colored. 

Only  the  third  stage  is  known,  and  is  (juite  common,  first  appearing  about 
the  month  of  July. 

On  Anemone  cylindrica,  7,  1892  (Arthur). 
Pucrinta  andropogi  Schw.     Very  common. 

On  Andropogon  ncoparus,  9,  189<). 

On  Andropogon  furcaiusy  9,  1896. 
Pitceinia  auguMcUa  Fk.     Common. 

On  Seirpus  atrovirenx,  9,  1896. 
Puccinia  asteris  Dubv.     Common. 

On  Aster  diffums,  6,  1896. 
Puccinia  Bdleyana  Sacc.     Rare. 

On  Carexsp.,  11,  1888  (Bolley). 
Puccinia  ronvolvuli  (Per.)  Cast.     Common. 

On  Convolvulus  sepiuMj  10,  1895  (Stuart). 

On  Polygonum  dumetorum J  6,  12,  189r>. 
Puccinia  cyperi  Arth.     Common. 

On  Cyperm  tUrigosuSy  9,  1 89(5. 
Puccinia  circaerv  Pers.     Rare. 

On  Circuca  lutetiana,  7,  1 896. 
Puccinia  coronata  Cda.     Common. 

On  Avtna  tfoiiva,  11,  189()  (Stuart). 
Puccinia  carici»  (Schum.)  Wint.     Very  common. 

On  Carer  «/).,  10,  189(). 
Puccinia  elcocharidis  Arth.     Rare. 

On  EUocharin  palustriSf  11,  1896. 
Puccinia floacuiosorum  (A.  &  S.)  Wint.     Common. 

On  Taraxacum  ojicinale,  5,  1895;  6,  1896. 
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Puceinia  graminis  Per.     Common. 
On  Avena  sativay  10,  1896. 
On  Daeiyiii  glomeraia,  10,  1896. 
On  Hordmm  jubatumy  11,  1896. 
Puceinia  interstiticdi^  (Schl.)  Franz.     Common. 

On  Rubus  vUlosuSy  5,  1896. 
Piteeinia  Kuhnia  Schw.     Rare. 

On  Kuhnia  eupatoriode^y  9,  1888  (  BoUey). 
Puceinia  Lobeli(^  Gerard.     Rare. 

On  Lobelia  syphiliticOy  8,  1896. 
Puceinia  Indibunda  E.  «&  £. 

The  original  description  of  this  species  may  be  found  in  the  proceedings  of 
the  Philadelphia  Academy  of  Science,  1894.  The  projections  at  the  apex  of  the 
spores,  spoken  of  there,  resembling  closely  Puec.  cortmatOf  I  have  observed  in  some 
cases,  but  they  are  very  small  and  inconspicuous. 

The  host  plant  was  found  in  low  ground  along  the  Wabash  River.  Most  all 
plants  observed  bore  some  rust,  but,  generally,  the  sori  were  few  and  scattering, 
and  being  small  were  difficult  to  see. 

On  Carex  »parganioideSy  10,  1896. 
Puceinia  menlfur  Pers.     Common. 
On  Monarda  fittulosay  6,  1896. 
On  BlcphUia  hirAutcL,  7,  1896. 
On  Pycnanthemum  8p,y  10,  1896. 
Puceinia  nigrovelata  Ell  &  Tracy.     Rare. 

On  Cyperux  strigoausy  3,  1896. 
Puceinia  nolitangere  Cda.     Found  in  the  extreme  northern  part  of  the  county 
in  low  ground.     The  plants  in  the  immediate  vicinity  were  badly  affected  with 
the  rust,  but  efforts  to  find  the  species  in  other  parts  of  the  county  proved  unsuc- 
cessful. 

The  species  was  first  described  by  Corda  in  Icones  IV  as  early  as  1841. 

On  ImpatitM  ftUvay  9,  1896. 
Puceinia  Physostegur  P.  &  C.     Only  the  teleutospores  were  examined.     Theae 
are  usually  placed  obliquely  on  the  pedicels,  but  none  were  found  with  pedicels 
parallel  to  the  septum,  as  they  are  in  the  typical  IHorchidium  genus. 

The  original  description  of  this  species  occurred  in  1878  in  the  29th  Rep. 
N.  Y.  St.  Mus. 

On  Physofiiegia  virginicay  8,  1895  (Arthur). 
Puceinia  paniei.     Very  common. 
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On  Panieum  capiUarey  9,  1896. 
Puoeinia  prenanthia  (Per.)  Fhll.     Very  rare. 

On  Prenanthesi  alba,  5,  1895  (Golden). 
Puceiniapodophylli  Schw,     Commou. 

On  PodophyUum  peltatumf  6,  1896. 
Pueciuia  polygoni-amphibii  Pers.     Common. 

On  Polygonum  erectum^  6,  1896. 
Puccinia  RuhUjo-vera  (DC.)  Wint.     Common. 
On  QluiMfi  of  Rye,  7,  1889  (Arthur). 
On  Elymns  virginicus,  7,  189(). 
Puccinia  Sixfroboli  Arth.     P^ound  on  SporoboluH  cryptawlrw^,  differs  some  from 
the  form  found  on  S,  heterolepeif.     On  the  former  the  spores  are  larger,  usually 
constricted  at  septa,  pedicels  much  longer,  generally  two  or  three  times  the  length 
of  the  spore,  and  slightly  tinted.     The  one-celled  teleutospores  spoken  of  in  the 
original  description  were  not  present  in  specimen  examined,  probably  due  either 
to  the  different  host  species  or  more  mature  state  of  material.     The  grass  is  found 
in  sandy  places  in  great  abundance.     The  leaves  and  stems  are  usually  entirely 
covered  with  the  rust,  causing  the  leaves  to  curl. 
On  Sporobolut  cryptanditLS,  4,  1896. 
Ptccinia  triodvf  Ell.  and  Barth.     Has  been  until  recently  classed  under  Piiec, 
cmacvlata  Schw.,  and  has  probably  been  reported  as  that  species,  but  there  are  some 
differences  existing  along  with  the  different  hosts,  making  it  certainly  justifiable 
in  separating  the  forms.  * 

The  host  plant  is  found  in  dry,  sandy  soil,  and  the  rust  is  very  abundant,  the 
sori  usually  covering  the  whole  upper  surface  of  the  leaves.  All  plants  observed 
were  badly  infected  with  the  fungus.  There  are  some  differences  in  the  teleuto- 
spores growing  upon  the  different  species  of  Triodia,  mainly  in  size  and  shape  of 
spores. 

On   Triodia  geMerioideSy  3,  1896. 
Puccinia  tennis  Burrill.     Rare. 

On  Eupatoritnn  ageratoideSy  •'),  18i>6. 
Puccinia  tanaceti  DC.     Common. 

On  Helianthus  grottse-serratuSy  6,  1896. 
Puccinia  vulpinoidrs  D.  &  H.     Rare. 

On  Carex  tulpinoides,  11,  1888  (Bolley). 
Puccinia  u^ind-^oriw.  Schw.     Very  common. 

On  Muhlenbergia  i*ijlvaticay  9,  1896. 
Puccinia  xanthii  Schw.     Very  common. 
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On  Xanthium  Canadenne,  6,  1896. 
On  Ambrosia  trifida^  6,  1890. 
Rd'stelia  lacerata  (Sow.)  Fr.     Common. 

On  CraitP(jm  up.,  (?,  1896. 
Uiomyces  appendiriUata  (Pers.)  L^v.     Common. 

On  Phaseolus  diver»ifoliHs^  6,  1896. 
Ui'omi/ct8  caladii  (Schw.)  Farl.     Common. 
On  Ariacemia  triphyllum^  5,  1896. 
On  Ari^vmid  Dracantium,  6,  1896. 
Uromtjces  Euphorhvf  (Si'hw. )  C.  &  P.     Common. 
On  Euphorbia  denlata^  7,  189(>. 
On  Euphorbia  hyperiafolia^  6,  1896. 
Uromyrea  t/aurina^  (Pk.) 

The  second  stage  or  tm-do  stage  of  this  species  has  been  described  by  Peck  in 
the  Botanical  Oaz.  IV  as  early  as  1879  under  the  name  Triehobasis  gaurina,  of 
which  he  says  that  it  is  probable  that  the  species  is  the  second  stage  to  some  species 
of  Uromyces  or  Pucrinia  not  yet  known.  I  found  the  teleutospores  July  25,  1896,  on 
the  same  host  with  uredo  which  correspond  with  those  described  by  Peck.  So  I 
take  it  that  the  form  recently  found  belongs  to  what  has  been  previously  known 
as  Uredo  gaurinUf  but  must  now  be  cla8s>e<l  under  the  genus  Uromyees. 
On  Gnura  biennUy  7,  1896. 
l'romyct'.«  Iloirei  Pk.     Common. 

On  Asdepias  inr.arnata^  10,  189G. 
On  A»elepiaH  cornutij  9,  1896. 
Cromyee^  hedysari-panieulafi  (Schw.)  Farl.     Common. 
On  Desmodivm  Canadense,  6,  1896. 
On  Desmod'nnn  dielleniij  6,  1896. 
Uromifces  junci  (Schw.)  Tul.     Common. 

On  Juncus  tenuis,  10,  18JM). 
Uromyces  le»pedez<f  (Schw.)  Pk.     Kare. 

On  Lespedeza  repens,  9,  1804. 
Uromyces  orobi  {Var.)  Wint.  is  rare.     In  only  one  locality  could  I  find  plants 
affected  with  the  fungus,  and  then  only  a  very  few  leaves  could  be  found  bearing 
rust.     Plants  not  ten  feet  distant  seemed  to  be  perfectly  free  from  any  infection. 
On  Viria  Americano,  10,  1896. 

"^^  Uredo  tori  scattered,  brown;  spores  globose,  finely  echinulnte  19-22"  w.  by  20-26i''  I.; 
teleutosori  <lark  brown,  crumpent,  roundish;  spores  sub-globose,  ovate  or  oblong,  vcrte* 
strongly  thickened  with  n  blunt-colored  apiculus,  sini>oth.  1^24"  w.  by  20-^%"  1.;  pedicels 
oneo  to  three  times  the  length  of  the  spore,  hyaline. 
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Uromyees polygoni  (Per.)  Fkl.     Common. 
On  Polygonum  aviculare,  6,  1896. 

Uromyees  trifdii  (A.  &  S. )  Wint.     Rather  comn}on. 
On  Trifolium  prot^nsey  7,  1896. 

Uromyees  terebinthi  (DC.)  Wint.     Very  common. 
On  Rhu8  toxicodendron,  10,  1896. 

Besides  these  species  a  few  additional  host  plants  have  been  found,  the  most 
interesting  and  noteworthy  of  which  is  Polyf/onum  dnmetoi^m  var.  Acandens. 

A  number  of  species  are  common  on  Polygonum  species,  but  in  the  past 
season  Pitee,  Convolvuli  has  been  found  upon  this  host  in  great  abundance.  The 
rust  occurs  on  the  leaves,  petioles,  and  occasionally  on  the  stems  in  about  the 
same  manner  as  it  does  on  plants  of  Convolvultis,  In  fact,  had  I  not  been  espe«ially 
fortunate  in  securing  the  host  plant  in  bloom  I  should  certainly  have  been  led  to 
believe  that  I  had  found  the  rust  upon  some  s|)ecies  of  Convolvulwsj  as  the  foliage 
and  manner  of  growth  of  the  two  plants  are  very  similar. 

Although  there  are  some  differences  existing  between  the  two  forms  of  fungi, 
I  believe  without  a  doubt  they  belong  to  the  same  species. 

Uredospores  growing  upon  Polygonum  dumetorum  are  not  so  uniform,  and  of  a 
much  darker  color  than  those  on  Convolvulus^  while  teleutospores  upon  the  former 
are  slightly  larger,  more  varied,  with  pedicles  more  deeply  tinted,  and  sometimes 
placed  obliquely  on  the  spore. 

The  uredospores  were  collected  the  latter  part  of  June,  and  were  not  abund- 
ant. The  marked  differences  between  these  spores  and  uredo  of  authentic  speci- 
mens of  Uroinyeei<  polygoni  and  Puceinia  Polygoni  amphibix  led  me  to  make  further 
search  for  material,  and  in  the  early  part  of  the  present  month  the  teleutospores 
of  the  above  species  were  found  in  great  abundance  upon  the  same  individual  host 
as  the  earlier  stage.  Host  plantn  of  the  same  species  in  various  other  localities  of 
the  county  were  examined,  but  were  not  affected  in  the  least  with  any  rust. 

Dactylis  glomerata  {Puce,  graminia).  As  far  as  I  have  been  able  to  make  out, 
Puce,  graminis  has  never  been  reported  as  growing  upt)n  this  host,  the  usual  species 
found  upon  it  being  Puce,  coronafa  Cda.  Through  the  experiments  of  Eriksson, 
he  has  found  that,  among  other  host  plants,  Puce,  graminii^  will  grow  upon  Due- 
t  If  lis  glomerata. 

The  rust  was  found  in  the  Experiment  Station  yard,  appearing  in  linear  sori, 
and  almost  covering  both  sides  of  the  leaves  of  the  host.  Although  the  grass 
grew  there  in  great  abundance,  only  one  or  two  tufts  seemed  to  be  infected  with 
the  fungus. 
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Hordeum  jubatum  {Pace,  graminis).  Although  some  search  has  been  made  for 
this  plant,  I  have  never  found  it  in  great  abundance.  Gray's  Manual  gives  the 
ran^e  sandy  sea  shore,  Upper  Great  Lakes  and  westward.  Bulletin  of  Indiana 
Experimental  Station,  No.  29,  reports  the  plant  a**  frequently  occurring  along  the 
Wabash  River,  but  rather  sparingly. 

The  few  plants  that  I  have  found  have  their  leaves  dotted  over  rather  scant- 
ily with  the  uredo,  and  the  culms  entirely  covered  with  the  teleutospores  of  P. 
graminis,  the  latter  appearing  sub-epidermal. 


Traumatropic  Curvature  of  Tendrii^.     By  T>.  T.  McDouoal. 


Mechanism  of  Curvatures  of  Roots.     By  D.  T.  McDouoal. 


On  the  Occurrences  of  the  Russian  Thistle  (Salsola  Kali  Tragus)  in 

Wabash  County.     By  Albert  B.  Ulrey. 

[Abstract.] 
The  Russian  thistle  is  recorded  as  occurring  in  two  localities  near  North  Man- 
chester, Ind.     One  locality  is  on  the  Erie  R.  R.,  while  the  other  is  somewhat 
more  than  a  half  mile  from  the  Big  Four  road. 


Some  Additions  to  Our  Knowleik;e  of  the  Anatomy  and  Embryology  of 

THE  HoLOSTOMii)i4<:.     By  L.  J.  Rettger. 

[Abstract.] 

The  holostomida'  belong  to  the  class  of  trematodes  and  to  that  division  of  this 
class  designated  as  the  digenea^  on  account  of  their  passing  through  two  stages, 
entirely  marked  off  from  each  other  in  reaching  maturity.  They  vary  in  size 
from  almost  microscopic  forms  to  forms  five  to  ten  mm.  long.  The  holostomidae 
are  usually  parasitic  in  the  intestines  of  birds,  though  they  have  been  noted 
occurring  elsewhere.  Comparatively  few  forms  are  known  through  all  their  larval 
stages,  and  in  some  of  the  few  cases  apparently  known  there  is  still  a  large  element 
of  uncertainty.  This  lack  of  definition  is  caused  by  the  difficulty  of  finding  the 
larval  forms,  and  then  growing  the  larva*  into  the  adult  parasites. 

During  last  winter  while  engaged  in  studying  some  forms  of  distomum,  I 
chanced  to  find  living  parasites  in  the  liver  of  Lymna^a  stagnalis  innumerable 
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larvie,  which,  upon  careful  study,  seemed  to  be  larval  forms  of  some  trematode. 
These  larvte  had  been  observed  before  and  designated  as  tetracotyle  from  their 
four  sucker-like  depressions.  The  complete  literature  on  the  form  in  question 
showed  that  its  anatomy  was  practically  entirely  undetermined,  and  study  re- 
vealed that  the  few  statements  made  by  the  earlier  observers  were  not  correct. 
The  form  was  therefore  subjected  to  a  critical  morphological  study  an<l  its  anatomy 
fairly  well  determined.  The  observations  were,  however,  extended  further.  It 
was  necessary  to  determine  of  Nvhat  species  this  was  of  the  larval  stage.  Follow- 
ing the  experiments  of  the  Italian  Helminthologist,  Ercolani,  some  of  these  larva' 
were  fed  to  a  duck  in  the  hope  that  the  adult  forms  might  make  this  bird  a  tem- 
porary or  forced  host  at  least-  long  enough  to  mature.  The  excreta  were  ex- 
amined prior  to  the  feeding  to  see  whether  the  duck  might  already  be  harboring 
similar  parasites.  None  such  were  found.  After  about  ten  days,  typical  trema- 
tode eggs  appeared  in  the  excreta,  and  upon  examination  the  intestines  of  the 
duck  vielded  about  fortv  mature  holostomidjv.  This  seemed  a  clear  case  of  es- 
tablished  identity.  These  forms  liad  been  noted  but  once  before  by  Ercolani,  and 
he  had  limited  his  olwervations  to  a  few  external  points.  These  mature  forms 
were  then  subjected  to  a  similar  morphological  study,  and  because  of  the  excel- 
lent material  afforded,  their  anatomy  and  histology  was  determined  with  more 
success  than  is  usual  in  dealing  with  such  forms.  Ercolani  had  wrongfully  clas- 
sified the  form,  and  comparison  with  all  the  determined  species  showed  this  form 
to  be  a  new  one  to  science. 

It  was  now  hoped  that  the  eggs  found  in  the  excreta  might  be  watched  in 
their  development  until  they  should  as  larva'  enter  again  the  body  of  a  snail  and 
so  complete  the  life-cycle  of  this  trematode.  The  early  segmentation  was  followed 
and  its  development  toward  a  ciliated  embyro  noted,  but  it  was  not  possible  to  fol- 
low the  cycle  farther.  Theie  is,  however,  from  what  we  know  of  related  forms, 
no  special  difficulty  in  bridging  over  this  gap. 

The  results  of  the  observations  briefly  summarized  are  these: 

(1.)     The  determination  of  the  anatomy  of  the  tetracotyle  larvu'. 

(2.)     The  identity  of  this  larva*  with  a  definite  adult  form  of  holostomum. 

(3.)     The  determination  of  the  anatomy  and  histology  of  this  adult  form. 

(4.)  The  development  of  the  eggs  through  the  earlier  stages  of  segmentation 
toward  the  formation  of  a  ciliated  embvro. 

(5.)  The  correct  placing  of  two  forms  (the  larval  and  the  adult)  in  the  sys- 
tematic arrangement  of  the  trematodes. 

[The  detailed  accounts  of  these  observations,  together  with  the  drawings  of 
all  the  structures  described,  are  intended  to  appear  in  a  published  report  later.] 
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Abnormal  Incisor  Growth  of  Rodents.    C.  E.  Newlin,  Indianapolis. 

The  omnipotent  and  omniscient  hand  of  Mother  Nature  in  providing  for  the 
varied  wants  and  conditions  of  her  children  is  nowhere  better  shown  than  in  the 
constant  and  rapid  growth  of  the  incisor  teeth  of  that  order  of  little  animals 
known  as  Rodents.  Securing  their  food  as  they  do  by  gnawing  the  hard  hark, 
roots  and  nuts,  their  incisor  teeth  would  soon  be  worn  off  to  the  very  gums  if  it 
were  not  for  the  constant  and  rapid  growth  of  these  teeth.  To  show  the  rapidity 
of  this  growth  is  the  object  of  this  short  paper. 

Tt  is  no  unusual  thing  to  kill  a  squirrel  or  rat  that  by  some  accident  has  lost 
one  of  its  incisor  teeth.  The  opposing  tooth,  having  no  direct  opponent  to  hold 
the  food  against  it,  often  becomes  abnormally  long,  often  becoming  very  incon- 
venient to  the  owner  in  procuring  its  food.  But  usually  the  remaining  tooth  is 
brought  into  more  or  less  use  in  procuring  food,  and  is  thus  kept  ground  off  to 
some  extent,  though  I  have  sometimes  found  them  quite  long. 

I  have  in  my  possession  the  skull  of  a  Ground  Hog,  ActomyA  Jlonax,  which 
shows  such  abnormal  growth  of  all  the  incisors  tliat  I  thought  it  might  be  of  in- 
terest to  the  members  of  the  Academy  to  call  their  attention  to  it. 

The  specimen  that  was  the  unhappy  possessor  of  this  skull  in  life  was  killed 
in  a  meadow  on  a  farm  near  Shannondale,  Ind.,  by  Wm.  T.  Beck,  now  of  Craw- 
fordsville.  He  noticed  his  dog  attacking  some  animal  and  going  to  its  assistance 
found  a  Ground  Hog  offering  poor  resistance,  and  killed  it  by  crushing  the  back 
of  its  head  with  his  fork  handle.  Picking  it  up  he  noticed  the  two  white  tusk- 
like teeth  projecting  up  over  its  nose.  He  cut  its  head  off  and  took  it  to  his 
woodshed  and  laid  it  upon  a  cross-beam  over  the  door,  and  there  the  insects  did 
what  they  could  to  preserve  it  by  <lenuding  it  of  its  flesh.  The  teeth  became 
loose,  and  in  han<Uing  it  the  longest  lower  incisor  dropped  out  and  was  broken. 
But  I  had  a  dentist  carefully  reproduce  the  part  broken  off  with  pnste  dentine, 
and  wired  the  skull  together.  Otherwise  it  is  just  as  it  was  when  it  thwarted  his 
wood-chuckship  in  his  struggle  for  existence.  The  right  lower  incisor  is  3ij  inches 
long  and  correspondingly  abnormally  large  in  circumference.  The  lower  incisor 
on  the  left  side  seems  to  have  come  in  contact  with  the  left  upper  incisor  to  some 
extent  and  did  not  grow  so  long.  Both  lower  incisors  extend  up  over  the  nose 
and  securely  locked  his  mouth,  su  that  securing  foo«l  was  almost  impossible. 
This  was  possible  at  all  only  on  the  left  side  and  then  only  l>y  separating  his  lips 
and  biting  off  clover  loaves,  etc.,  with  his  back  molar  teeth.  He  had  done  this  so 
long  that  the  lips  on  that  side  remained  wide  apart,  ex[)Osing  all  the  back  teeth, 
while  the  lips  on  the  opposite  side  grew  fast  together  and  fast  to  the  gums. 
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The  left  upper  incisor  grew  in  a  circle,  and  when  it  came  to  the  roof  of  the 
mouth  became  deflected  until  it  found  the  suture  of  the  palatal  surface  of  the 
superior  maxillary  and  passe<i  through  this  up  into  the  nasal  passage  and  contin- 
uing  its  growth  in  th.^  circle  turned  downward  through  this  bone  again  into  the 
mouth,  completing  over  a  circle  and  a  (juarter.  The  pleasant  sensations  he  must 
have  experienced  while  this  growth  was  taking  place  must  have  been  entertaining 
at  least.  The  right  upper  incisor  was  forced  to  the  right  and  missed  the  superior 
maxillary,  and  performed  the  same  circular  growth  between  the  lip  and  gum. 
Each  of  the  upper  incisors  are  about  3A  inches  long.  The  right  one  shows  by  the 
abrasions  on  it  where  it  came  in  contact  on  its  side  with  the  lower  incisor  in  the 
earlier  stages  of  its  abnormal  career,  but  the  contact  was  not  sufHcient  to  arrest 
its  growth. 

The  animal  was  weak  and  almost  starved  when  killed,  and  I  think  no  animal 
could  live  long  on  the  small  amount  of  food  that  could  be  procured  after  these 
teeth  reached  one-half  their  [iresent  length.  Thus  I  reason  that  the  growth  of 
the  incisor  teeth  of  rodents  must  be  very  rapid,  and  I  would  place  the  time  that 
elap.«ied  after  the  accident  happened  this  unfortunate  creature,  by  which  his  teeth 
were  so  dislocated  as  not  to  oppose  each  other,  and  the  time  that  he  was  killed 
could  not  have  been  more  than  a  few  months,  under  a  vear  at  the  farthest.  This 
rapid  growth  seems  to  be  reasonable,  too,  when  I  consider  the  growth  neceasary  to 
counteract  the  tremendous  wear  to  which  the  incisors  of  a  rodent  are  subjected. 
If  this  were  not  so,  many  a  little  fellow  would  find  himself  frequently  in  the 
condition  of  the  fabled  rat  that  gnawed  the  file. 


The  Bobolink  (Dolichonyx  oryzivoris)  in  Indiana.     By  A.  W.   Butler. 

The  Bobolink  was  one  of  the  fanciful  birds  of  my  boyhood.  The  accounts  of 
it  which  came  to  me,  both  by  tongue  and  pen,  interested  me  greatly.  I  longed  to 
see  the  bird  and  hear  him  sing.  At  first  I  concluded  it  was  to  be  found  abund- 
antly— a  characteristic  feature  of  the  landscape — each  spring.  Year  after  year  I 
watched  for  it,  but  it  did  not  come.  I  consulted  others  who  enjoyed  the  company 
of  birds,  and  learned  they  had  not  seen  it.  The  natural  conclusion  was  I  must 
see  it  in  some  other  locality;  but  tinally,  before  my  purpose  was  carried  out,  it 
came  to  me.  I  saw  my  first  Bobolink  in  the  spring  of  1881.  On  May  5,  when 
walking  by  a  timothy  meadow  within  the  town  of  Brookville,  Ind.,  I  saw  a  half 
dozed  males,  dressed  in  their  distinctive  colors,  arise,  one  after  another,  from  the 
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grass,  only  to  alight  again  beneath  its  waving  tops.  They  were  busily  feeding, 
and  sang  no  song.  Up  to  this  time  there  were  perhaps  not  a  dozen  localities  with- 
in a  hundred  miles  of  the  Ohio  River,  throughout  its  entire  lengthy  from  which  it 
had  been  reported.  Dr.  F.  W.  Langdon  had  noted  it  in  the  vicinity  of  Cincin- 
nati, Ohio;  Dr.  Rnfus  Haymond  had  found  it  in  Franklin  County,  Ind.;  Dr.  A. 
W.  Brayton  gave  it  from  Marion  County.  All  these  records  were  of  its  spring 
occurrence.  Since  then  almost  every  spring  it  has  been  met  with,  in  limited  num- 
bers, in  the  southern  part  of  this  State,  but  records  of  its  occurrence  in  fall  are 
very  few.  At  that  time  it  had  been  found  to  range  in  summer  as  far  north  as 
Quebec,  towards  the  coast,  and  in  the  interior  to  the  Saskatchewan  (latitude  60°). 
In  winter  it  passed  south  beyond  the  United  States,  reaching  the  West  Indies, 
Central  America,  Galapagos  Islands,  and  going  as  far  south  as  Bolivia,  Argentine 
Republic  and  Paraguay.  It  was  said  to  reach  west,  during  the  period  of  its  visits 
to  our  land,  to  Kansas  and  Dakota.  Hut  continued  explorations  have  shown  its 
presence  in  Utah,  Nevada,  Wyoming,  Montana,  also,  and,  more  recently,  Maj. 
C.  £.  Bendire  has  ascertained  its  occurrence  in  British  Columbia,  thus  extending 
its  range  to  the  Pacific  Coast.  To  the  form  ranging  from  Kansas  and  Dakota 
westward  the  subspecific  term  idbinueha  has  been  given.  Dr.  T.  M.  Brewer  gave 
its  breeding  range  from  latitude  42°  to  54°  North  ;  that  is  to  say,  from  the  south- 
ern boundary  of  Massachusetts,  New  York,  Michigan  and  the  latitude  of  Chicago 
northward  to  the  extent  of  its  range.  In  the  early  days  of  this  country^s  history 
they  doubtless  were  found  in  great  numbers,  as  summer  residents,  in  natural 
meadowH,  prairies  and  marshy  places— such  open  land  as  was  suited  to  their  needs 
for  housekeeping  and  for  food  supply — in  the  region  indicated.  They  did  not 
frequent  the  timbered  districts.  The  forest  lines  were  barriers  to  them;  but  as 
the  woods  of  the  more  level  region  gave  place  to  grain  and  then  to  grass,  the  ter- 
ritory over  which  they  might  spend  the  summer  extended,  while,  on  the  contrary, 
in  certain  districts,  where  the  forest  growth  encroached  upon  the  prairies,  the  area 
of  breeding  ground  was  correspond inj^ly  lessened.  Their  summer  range,  at  least 
in  Indiana,  Ohio,  Michigan  and  Illinois,  has  been  much  misunderstood.  Where 
it  is  found  no  general  statement  as  to  its  distribution  can  be  made,  for  it  appears 
to  be  quite  irregular;  indeed,  in  many  localities,  exceedingly  local.  The  extent 
of  its  distribution  and  numbers  depends  primarily  upon  the  area  of  land  suitable 
for  its  occupation.  The  extension  or  restriction  of  the  latter  has  a  corresponding 
eilect  upon  the  former. 

In  order  that  its  local  distribution  and  the  effect  of  man's  occupation  upon 
its  history  may  \)e  made  clearer  I  submit  the  results  of  some  investigations  I  have 
been  permitted  to  make. 
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I  shall  refer  first  to  Michigan.  It  is  roiiimoii  mikI  breeds  at  ]\)rt  Sanilac 
(\V.  A.  Oldfield  ).  Common  and  breeds  at  Bay  City  ( N.  A.  Eddyj.  Breeds 
commonly  at  Saline  (Norman  A.  \V(>od  ).  Common  Kiimmer  resident;  breeds  at 
lielle  Isle  (  I>oui8  Fites).  Common  ;  breeds  at  South  Ogden  (  Mrs.  H.  C.  Somes). 
Haisin,  i/enawee  County;  common,  breeds  (Alfred  \V.  Comfort).  Common, 
breeds,  (ranges,  Allegan  County  (  David  Lewis).  Brant,  Saginaw  County,  com- 
mon, breeds  (W.  De  Clarenze).  Ann  Arbor;  common,  breeds  (A.  B.  Covert,  L.  T. 
Meyer,  James  Savage,  F.  L.  Washburn).  St.  Clair  County;  common,  breeds 
(Stephen  A.  Warnie).  Windmill  Point;  common,  breeds  (N.  J.  R.  Kennedy). 
Common;  breeds,  Battle  Creek  (  Nathaniel  Y.  Green).  Manchester;  common, 
breeds  (  L.  Whitnej'  Watkins). 

Abundant  summer  resident  at  Albion,  Calhoun  County,  and  St.  Joseph, 
Berrien  County  (O.  B.  Warren). 

Mr.  R.  C.  Alexander,  Plymouth,  says  that  they  have  been  there  for  fifty 
years  and  steadily  increased  in  numbers,  more  common  than  usual  this  summer 
(1894).     Evenlv  distributed  in  this  localitv.     Breeds  abundantlv. 

Prof.  A.  J.  Cook  says  they  were  not  found  in  central  Michigan  until  within 
a  few  years  (  Birds  of  Mich.,  p.  101  ). 

I  can  not  tell  at  how  manv  of  these  localities  it  luis  been  coutinuouslv  a 
breeder  as  at  present.  The  following  localities^  report  a  change:  At  Agricultural 
College,  Ingham  County,  they  were  first  seen  in  1874  (A.  J.  Cook).  At  Locke 
thev  were  rare  until  1874  and  verv  common  in  187")  (  Dr.  11.  A.  Atkins).  First 
seen  in  Monroe  County  in  187*2  (Jerome  Trombley).  Grand  Rapids,  Kent 
County  ;  never  common,  but  two  or  three  pairs  breed  near  this  city  i Stewart  E. 
White,  1888  .  Benzie  County:  Never  seen  until  late  years;  rare  (Wm.  (J. 
Voorheis,  1892).  In  the  Northern  Peninsula,  Prof.  Cook  says,  upon  the  au- 
thority of  Mr.  E.  E.  Brewster  of  Iron  Mountain,  Dickinson  County,  that  it  occurs 
rarely  at  that  place.  In  18'.»o,  Mr.  O.  B.  Warren  saw  them  for  the  first  time  at 
Palmer,  Marquette  County.     They  remained  and  bred. 

In  Illinois,  Mr.  Robert  Ridgway  says  it  breeds  only  in  the  northern  part  of 
that  State  (  Birds  of  III.,  Vol.  I,  p.  309). 

My  own  experience  is  that  in  the  vicinity  of  Chicago,  Illinois,  it  is  the  most 
abundant  I  have  ever  seen  it.  This  is  especially  true  in  the  vicinity  of  South 
Englewood  and  southeast  of  (irand  Crossing  towards  Indiana.  The  reports  of 
Messrs.  J.  O.  Dunn  and  (.'.  A.  Talinian  from  the  last  mentioned  neighborhood 
and  of  Mr.  Eliot  Blackwelder  from  the  vicinity  of  Morgan  Park  corroborate  my 
experience.  Mr.  Blackwelder  in  1SV»4  wrote  me  that  it  was  increasing  yearly  and 
was  exce>8ively  numerous  that  year. 

It) 
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In  Indiana,  Mr.  L.  T.  Meyer  has  assured  me  of  their  abundance  in  the 
northern  part  of  Lake  County.  Mr.  C.  E.  Aiken  tells  me  they  were  abundant  in 
that  county  in  1871.  Mr.  J.  Grafton  Parker  and  Mr.  H.  K.  Coale  have  noted 
them  as  common  in  that  county.  In  1886  Mr.  K.  B.  Trouslot  told  me  it  was  com- 
mon in  Porter  County.  Summer  resident  near  Michij^an  City^  Laporte  County 
(J.  W.  Byrkit).  Laporte  County:  Abundant;  breeds  (Chas.  Barber).  Mr. 
Ruthven  Deane  reports  them  abundant  and  apparently  breeding  at  English  Lake, 
Starke  County.  Marshall  County  :  Common  (A.  I.  Mow).  Dr.  Vernon  Gould, 
of  Rochester,  Fulton  County,  informs  me  that  upon  the  prairies  and  o|>en 
marshes  in  the  western  part  of  that  county  the  Bobolink  is  found  quite  common 
in  its  favorite  localities  and  has  been  for  fifty  years.  In  the  eastern  half,  or  tim- 
bered section,  it  is  not  often  seen.  He  does  not  think  there  has  been  any  percepti- 
ble change  as  to  numbers  since  the  country  was  settled.  Mr.  Victor  H.  Bamett 
reports  them  present  at  Francisville,  Pulaski  County,  June  11,  18,  19  and  20, 
189t>,  and  thinks  they  breed  sparingly.  In  1891,  Hon.  R.  Wes.  McBride,  a  close 
observer,  wrote  me  that  the  Bobolinks  were  entirely  unknown  in  Elkhart  County. 
That  he  had  not  seen  one  there  nor  had  any  one  else  to  his  knowledge.  In  189'), 
Mr.  Chancey  Juday  wrote  that  he  saw  a  number  near  Millersburg,  that  county, 
the  week  ending  June  22.  In  Kosciusko  County,  Mr.  L,  H.  Haymond,  informs 
me  they  were  first  observed  in  1872  or  1873.  The  next  summer  a  few  pairs  bred  in  a 
swamp  within  the  city  limits  of  Warsaw.  They  have  increased  in  numbers  yearly. 
At  Fountain  Spring  Park  (Winona)  many  pairs  now  breed  annually.  I,  my- 
self, have  for  two  seasons,  found  a  great  company  in  the  meadow  west  of  the 
assembly  ground  in  the  latter  part  of  June  and  early  July.  In  1894,  a  pair  of 
BoboiinkH  were  discovered  to  have  built  their  nest  on  ground  often  occupied  for 
shooting  tournaments.  The  traps  were  so  placed  that  the  nest  was  between  them 
and  the  shooters.  All  the  firing  was  over  the  nest.  At  first  the  birds  were  very 
much  frightened  by  the  noise.  The  female  left  the  nest  at  the  beginning  of  the 
shooting,  returning  when  the  first  match  was  shot.  She  left  again  when  the  next 
match  began.  After  some  time,  however,  she  returned  to  her  nest  and  remained 
there  until  the  close  of  the  shooting.  Hundreds  of  shots  were  fired  over  her,  yet 
she  sat  <iuietly  on  her  nest  througli  it  all.  Mr.  J.  E.  Mow  says  they  are  common 
and  breed  at  Millwood  in  Kosciusko  County.  Mrs.  Jane  L.  Hine,  of  Sedan,  Indi- 
ana, wrote  me  in  1892,  that  the  first  Bobolinks  appeared  near  Kendallville,  Noble 
County,  in  1883.  She  saw  them  there  the  next  year,  June  4,  1884.  In  1885 
they  appeared  two  and  a  half  miles  east  of  the  DeKalb  and  Noble  County  line.  In 
18HG,  at  Sedan,  two  miles  farther  east,  she  saw  three  males  thatspring.  There  was 
more  of  them  in  1 837  and  increased  after  that.    In  1888  the  people  of  a  neighborhood 
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six  miles  east  of  Sedan  were  telling  of  their  new  bird,  the  Bobolink.  Mr.  McCord, 
who  has  been  much  upon  the  Auburn  and  Fort  Wayne  road,  saw  his  first  Bobo- 
link there  in  1887. 

According  to  Hon.  R.  Wes.  McBride,  Bobolinks  first  appeared  about  Water- 
loo, Dekalb  County,  about  1880.  In  1891  he  wrote  me  they  were  one  of  the  most 
common  summer  residents  in  Dekalb,  Steuben  and  Lagrange  counties,  and  in  a 
paper  before  this  Academy  (Proc.  1891,  p.  107,)  he  reiterates  his  remarks  in  sub- 
stance, and  adds:  "It  is  still  very  rare  in  Elkhart  County,  only  a  short  distance 
west,  with  the  apparent  conditions  not  materially  different."  In  1886  Mr.  J.  O. 
Snyder  informed  me  that  pairs  remained  all  summer  at  Waterloo.  In  1887  he 
said  it  was  uncommon  and  bred.  In  1888  he  noted  it  as  becoming  more  common 
each  year.  In  1894  Mr.  J.  P.  Feagler  said,  in  speaking  of  Dekalb  and  Steuben 
counties,  the  rate  of  increase  is  about  ten  per  cent,  a  year.  In  1889  Mr.  C.  A. 
Stockbridge,  of  Ft.  Wayne,  wrote  me  they  were  found  in  Allen  County  all  sum- 
mer, and  he  thought  they  bred.  In  1893  Mr.  W.  O.  Wallace  wrote  me  it  was  a 
common  summer  resident  at  Wabash.  It  was  first  noticed  there  about  1887,  when 
he  saw  two  males.  From  that  time  they  have  been  increasing  until  they  are  now  one 
of  the  commonest  meadow  songsters.  Dozens  of  persons — adults — asked  him  what 
the  new  bird  was.  Upon  their  describing  it  he  recognized  their  new  acquaintance 
as  the  Bol>olink.  Mr.  D.  C.  Kidgley  first  noted  it  breeding  in  Wabash  County  about 
1891.  Since  then  Mr.  Wallace  has  often  caught  young  unable  to  fly,  but  has  never 
found  their  nests.  (Birds  of  Wabash  County,  Proc.  I.  A.  8.  1895,  p.  153.)  Mr. 
F.  E.  Bell  reports  it  as  common  and  breeding  at  North  Manchester. 

In  1892  Prof.  E.  E.  Fish,  Buffalo,  New  York,  wrote  me  that  several  years  ago 
he  traveled  slowly  through  several  of  the  northern  counties  of  Indiana  without 
once  seeing  a  Bobolink.  He  adds,  "but  they  now  sing  in  the  meadows  near  Lo- 
gansport,  and  doubtless  they  nest  there,  as  they  remain  so  late  in  the  summer." 
Prof.  A.  H.  Douglass,  of  Logansport,  has  recently  written  me  that  he  has  observed 
these  birds  for  a  number  of  year>«.  Their  numbers  have  increased  steadily  every 
summer.  They  breed  there  now  in  almost  every  timothy  meadow.  He  adds : 
"It  is  a  great  joy  to  me  during  the  latter  half  of  May  and  the  month  of  June  to 
drive  into  the  countrv  and  see  them  so  abundant  where  there  were  none  a  few 
years  ago.  In  some  meadows  last  year  (1896)  there  were  more  Bobolinks  than 
Meadow  Larks."  They  were  first  reported  as  migrants  from  Carroll  County  in 
1884  by  Prof.  B.  W,  Evermann.  Mr.  Sidney  T.  Sterling  says  the  first  of  these 
birds  he  saw  in  that  county  was  in  1891.  That  summer  two  pairs  remained  about 
a  wet  place  in  a  timothy  meadow.  As  they  remained  so  constantly  near  the  same 
place,  he  concluded  they  were  nesting.     They  disappeared  about  harvest  time,  to 
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be  seen  no  more  until  the  following  spring,  when  they  returned  to  the  same  place. 
In  181)3  the  field  was  put  in  wheat,  and  the  birds  were  not  seen  any  more.  At 
Lafayette  it  is  rare,  and  I  can  not  learn  that  it  is  a  summer  resident,  or  breeds. 
(L.  A.  and  C.  D.  Test,  R.  R.  Moffitt).  Mr.  J.  E.  Beasley,  Lebanon,  says  that  the 
first  of  this  species  he  saw  in  Boone  County  was  in  1869.  There  were  three  males. 
They  have  been  increasing  since  that  time.  While  the  greater  part  seen  are  mi- 
grants, there  are  always  a  few  pairs  that  breed.  I  myself  have  seen  them  during 
the  spring  migration  in  Howard  County,  but  do  not  know  that  they  have  been  ob- 
served to  breed  there.  Mr.  A.  B.  Ghere  says  they  breed  commonly  in  Clinton 
County.  In  1H89  Mr.  J.  R.  Slonaker  reported  them  common  at  Terre  Haute,  and 
added  they  had  been  noticed  to  breed  there  for  the  past  three  years  only.  Mr.  A. 
H.  Kendrick  reports  them  as  breeding  near  Ellsworth,  Vigo  County,  in  1896.  In 
1887  Dr.  A.  W.  Bray  ton  informed  me  that  he  had  found  them  breeding  upon  the 
grounds  of  the  Institution  for  the  Deaf  and  Dumb  within  the  city  of  Indianapolis. 
In  1889  Mr.  W.  P.  Hay  reported  them  breeding  at  Irvington,  adding,  they  had 
been  scarce  until  the  last  two  vears.  Mr.  Rov  Hathawav  informs  me  thev  breed 
in  Jay  County,  near  Red  Key.  In  1886  Mr.  G.  G.  Williamson  reported  one  from 
Delaware  ('ounty,  June  3,  and  added  they  bred  there.  In  1890  he  notes  it  as  not 
common  ;  breeds.  In  1892  he  informed  me  the  Bobolink  had  surprised  him.  He 
writes:  "He  has  come  and  brought  all  his  friends  and  relatives  with  him.  He 
has  alwavs  been  a  scarce  bird  hereabouts  before  this.  But  this  time  he  is  actuallv 
abundant.  Every  suitable  meadow  furnishes  one  or  more,  and  their  music  bi>xe8 
are  in  the  best  of  order." 

The  first  record  I  have  from  Wavne  Countv  is  from  Dr.  Erastus  Test,  Purdue 
University,  Lafayette.  He  tells  me  he  saw  a  number  of  Bobolinks  there  from 
188.'M»,  and  especially  refers  to  them  in  the  vicinity  of  Earlham  College,  near 
Richmond.  They  were  next  reported  from  that  county  in  1888  by  Messrs.  H.  N. 
McCoy,  W.  C.  DeWitt  and  Fred.  M.  Smith,  of  Richmond.  They  noted  them  as 
remaining  as  late  as  July  Ist.  I  have  reports  from  there  almost  every  year  since. 
In  1891  1  found  it  near  the  southern  boundary  of  Wayne  County.  I  calle<i  the 
attention  of  some  of  the  members  of  the  Wayne  County  Horticultural  Society  to 
this  occurrence.  As  a  result  I  received  a  report  for  that  year  from  Mr.  Walter  S. 
Katliff.  This  was  the  first  time  he  had  observed  them.  There  were  only  three. 
They  were  seen  about  the  edges  of  the  same  meadow  every  day  until  July  2l8t. 
He  says  they  bre<l.  In  1892  they  returned  to  the  same  farm.  There  were  nine. 
They  paired  an<l  again  nested  in  the  meadows.  Young  were  noted  a  mile  farther 
north.     July  20th  they  left.     In   1893  these  birds  came  again  in  larger  numbers 
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than  before.  In  189(5,  however,  they  remained  hut  a  few  days  in  the  locality  for- 
merly fre<iuented,  and  did  not  breed  tliere. 

Hobolinks  have  been  reported  from  Decatur  County  for  a  number  of  years. 
Prof.  W.  P.  Shannon  found  them  June  I,  189-'),  and  a  pair  .July  2,  1896.  He  h 
inclined  to  think  it  breeds. 

Thus  it  can  readily  \)e  seen  how  the  breeding  range  of  this  species  has  been 
extended  within  recent  years  through  the  encroachment  of  man  upon  the  original 
forest  area  of  our  region  until  it  now  occupies  in  summer  near  two-thirds  of  the 
State.  By  this  also  its  range  during  the  breeding  season  is  extended  southward 
about  three  degrees.  In  addition  to  those  noted,  the  Bobolink  has  been  reported 
from  the  following  counties  in  this  State,  in  most  of  which  it  probably  occurs  as 
a  migrant:  Knox — Bicknell  (E.  J.  Chansler),  Vincennes  (Angus  Gaines^;  Mon- 
roe— BhK)mington  (\V.  S.  Blatchley,  C.  H.  Bollman,  B.  W.  £vermann,  G.  G. 
Williamson,  K.  M.  Kindle);  Bartholomew — Newl)ern  (U.  F.  Glick);  Fayette— 
Connersville  (J.  K.  Rehme);  Dearborn— Moore's  Hill  {C.  \V.  Hargitt,  G.  C.  Hub- 
bard);  Grant — Marion  (H.  N.  McCoy);  Putnam — Grecncastle  (J.  F.  Clearwaters, 
Jesse  Earlle);  Henry— Duureith  (E.  Pleas);  Brown— Spearsville  (Victor  H.  Bar- 
nett);  Madison— Anderson  (Charles  P.Smith);  Johnson— Trafalgar  (Miss  Harriet 
Jacobs). 

It  is  interesting  to  note  the  summer  range  of  the  Prairie  Hurned  Lark,  ().  a. 
praticoia  and  of  the  House  Wren  ( T.  frdon)^  and  see  how  nearly  they  coincide  in 
this  State  with  the  summer  range  of  the  Bobolink. 

In  Ohio,  Dr.  J.  M.  Wheaton  (Report  on  the  Birds  of  Ohio,  lvS82,  p.  352)  tells 
us  :  Dr.  Kirtland  gives  it  without  comment,  Mr.  Read  gives  it  as  very  abundant 
and  breeding,  and  says  that  "years  ago  it  was  not  found  upon  the  reserve."  Mr. 
B.  F.  Abell,  of  Welchfield,  Geauga  County,  says  that  it  was  first  observed  in 
that  place  May  20,  1857.  In  the  vicinity  of  Ck)lumbus,  he  states,  it  was  unknown 
to  old  residents.  He  says:  *']  first  saw  them  in  May,  1<S57,  when  I  obtained  a 
specimen  which,  with  two  or  three  others,  was  perched  upon  a  tree  upon  the  bank 
of  Alum  Creek.  Since  then  they  have  increased  in  numbers  and,  during  the  last  six 
or  seven  years  at  least,  a  few  have  nested  with  us.  They  are  also  known  to  breed 
at  Yellow  Springs,  about  fifty  uiiles  south  of  west  of  this  city.'*  Dr.  F.  W.  Langdou 
(Journal  Cin.  Soc.  Nat.  Hist.,  Vol.  Ill,  Oct.,  1880,  p.  224),  the  week  ending  July 
4,  1880,  observed  a  few  birds  only  near  Port  Clinton,  Ottawa  County.  Prof.  E. 
L.  Moseley  reports  it  from  the  vicinity  of  Sandusky.  In  addition  to  those  noted 
Prof.  A.  L.  Treadwell,  Oxford,  ().,  ami  Mr.  Charles  Dury,  Cincinnati,  note  it  in 
their  respective  lo<>alities,  where  it  is  probably  only  found  as  a  migrant. 
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It  would  seem  that  it  is  entirely  probable  before  mftn  commenced  his  warfare 
upon  our  forests  and  began  to  replace  the  trees  with  grass,  the  Bobolinks  found 
suitable  breeding  grounds  about  the  lower  end  of  Lake  Michigan,  reaching  indefi- 
nitely westward  and  possibly  southward  into  Illinois.  They  extended  over  some 
six  or  eight  counties  of  northern  Indiana  to  the  vicinity  of  Rochester,  Fulton 
Connty,  and  a  few  of  the  southwestern  counties  of  Michigan.  From  this  center 
they  seem  to  have  spread  out  in  all  directions.  It  is  probable  that  along  Lake 
Erie,  in  Ohio,  there  were  localities  they  also  originally  sought  as  summer  homes, 
and-  from  there  have  spread  over  quite  a  large  part  of  that  State.  The  data  at 
hand  is  not  sufficient  to  guide  one  very  correctly  in  this  regard.  From  southeast 
Michigan,  however,  more  observations  are  available,  and  would  indicate  that 
even  there  the  Bobolink  is  a  recent  advent.  Whether  or  not  they  are  of  recent 
introduction  into  the  Saginaw  Bay  region  the  evidence  does  not  say. 

Prof.  W.  W.  Cooke  and  Mr.  Otto  Widmann  give  it  as  a  summer  sojourner  at 
Jefferson  Cisy,  Mo.  (Bull.  No.  1,  Ridgway  Ornithological  Club,  December,  1883, 
p.  33).  Dr.  William  C.  Rives  thinks  it  may  breed  in  the  Virginias  (Cat.  Birds  of 
the  Virginias,  Proc.  Newport,  N.  H.,  Soc,  October,  1890,  p.  09).  These  locali- 
ties are  slightly  farther  south  than  those  I  have  noted.  With  these  exceptions 
I  have  given  the  extreme  southern  points  of  their  breeding  range,  and  they  are  the 
fringing  markers  on  the  barriers  of  the  breeding  region.  Capt.  C.  E.  Bendire,  in  the 
second  volume  of  his  valuable  "Life  Histories  of  North  American  Birds,"  has  re- 
corded the  unusual  fact  that  the  Bobolink  breeds,  in  April,  in  small  numbers,  on 
Petite  Anse  Island,  on  the  coast  of  Louisiana,  and  that  it  probably  breeds  rarely 
in  Florida  (Special  Bulletin  U.  S.  National  Museum,  Smithsonian  Institution, 
181)5,  p.  433). 

The  Bobolinks  reappear  on  the  southern  border  of  the  United  States  in  April, 
and  for  about  a  month  are  very  destructive  to  the  planted  rice.  Then  they  move 
northward  to  their  breeding  grounds.  This  is  true  of  the  bulk.  There  are  single 
birds  which  often  push  on  ahead  of  the  crowd — some  of  them  at  a  very  early  date. 
April  4,  1890,  I  found  a  single  male  at  Brookville,  Ind.  No  others  were  seen 
until  May  17.  Dr.  P.  L.  Hatch  says  it  arrived  in  the  vicinity  of  Minneapolis, 
Minn.,  April  5,  1870.  (Notes  on  the  Birds  of  Minnesota,  First  Rept.  State  Zoolo- 
gist, Geol.  and  N.  H.  Surv.,  June,  1892,  p.  271.)  In  1885  it  first  reached  Mount 
Carmel,  Mo.,  April  20.  (U.  S.  Dept.  Agriculture,  Div.  of  Economic  Ornithology, 
Bull.  No.  2,  Report  on  Bird  Migration  in  the  Mississippi  Valley  in  the  years  1884 
and  1885,  by  W.  W.  Cooke,  1888,  p.  160.)  In  1885,  also,  Mr.  C.  H.  Bollman  found 
a  single  male  at  Bloomington,  Ind.,  April  17.     It  was  next  seen  there  May  2. 
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I  am  convinced  that  the  great  bulk  of  these  migrants  pass  up  the  Atlantic 
Coast  and  seek  their  summer  homes  in  this  region  from  the  east  or  southeast. 
The  migrants  that  are  seen  with  us  are  exceedingly  few  compared  with  the  im- 
mense numbers  that  frequent  our  Northern  meadows  and  prairies.  While  it  is 
tme  they  migrate  at  night,  yet  we  see  neither  the  weary  resting  by  day  nor  hear 
the  noise  of  the  winging  hordes  by  night.  In  the  East  it  is  commonly  said  that 
their  unmistakable  voices  come  to  the  listener  as  one  of  the  characteristic  sounds 
of  the  warm  nights  in  early  May.  Who  has  had  such  an  experience  among  us  ? 
Strange  as  it  may  seem,  the  birds  in  their  original  breeding  range,  and  in  South- 
ern Michigan  generally,  arrive  as  soon— and  in  some  cases  actually  sooner— than 
they  do  in  the  localities  farther  south,  where  they  more  recently  began  to  nest.  It 
is  further  true  that  often  the  corresponding  dates  of  first  arrival,  etc.,  of  the  sched- 
ule are  as  early — and  not  infrequently  earlier— in  the  old  summer  home  than  they 
are  in  the  localities  southward,  where  they  occur  only  as  migrants.  This  may  be 
another  clew  from  which  further  investigation  will  derive  a  point  tending  to  show 
the  route  of  the  migration  of  the  bulk  of  the  Bobolinks  to  these  breeding  grounds 
is  farther  to  the  eastward,  and  earlier,  and  not  across  the  interior  States  of  the 
Mississippi  and  Ohio  Valleys. 

While  Bobolinks,  singly  or  few  in  number,  migrate  very  early,  as  heretofore 
stated,  most  of  them  are  actually  noted  between  April  27th  and  May  8th.  This 
may  in  some  years  be  a  day  or  two  earlier,  in  others  a  few  days  later.  The  date 
at  which  they  have  been  noted  as  common  in  various  localities  in  general  may  be 
said  to  range  from  May  Ist  to  loth.  The  males  precede  the  females  by  from  two 
days  to  two  weeks,  averaging  at  least  a  week  earlier.  They  are  the  features  of  the 
early  clover  field  as  it  comes  into  bloom.  The  blossoms  of  the  small  red  clover 
{IHfolium pratense)  and  the  Bobolink  come  together. 

For  reference  I  give  at  the  end  of  this  paper  a  synopsis  of  the  reports  received 
for  the  years  1885  to  1896,  both  inclusive.  These  reports  include  not  only  obser- 
vations from  Indiana,  but  also  some  reports  from  correspondents  in  Ohio,  Illinois 
and  Michigan.  I  desire  to  thank  them  all,  and  also  to  express  my  appreciation 
of  the  courtesies  extended  to  me  by  Dr.  C.  Hart  Merriam,  Chief  of  the  Biological 
Survey  of  the  United  States  Department  of  Agriculture. 

When  the  Bobolinks  come  north  in  the  spring  the  males  wear  an  attractive 
livery  of  black,  with  white  and  light  brownish  markings  above.  They  are  attired 
for  the  opera.  Their  exquisite  songs  and  lively,  cheery,  droll  ways  which  form  a 
characteristic  feature  of  the  life  ot  a  locality  where  they  abound  are  shown  to 
please  the  other  sex — to  make  them  attractive  to  the  females  and  not  to  please  you 
and  me.     But  in  fact  we  do  derive  much  enjoyment  from  their  life  and  song. 
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Whether  or  not  it  is  so,  it  seems  that  there  are  two  or  three  males  devoting  them- 
selves to  every  female.  The  latter,  in  their  sparrow-like  dress  of  yellowish  and 
brown,  are  comparatively  inconspicuous,  and  this  may  be  the  reason  they  seem  so 
few.  The  days  of  courtship  are  soon  over  and  the  Bobolinks  settle  down  to  house- 
keeping. Often  there  are  many  pairs  nesting  close  together.  They  prefer  a 
sociable  company.  They  nest  in  cloverfield,  prairie,  meadow  or  grassy  marsh. 
Nest  building  is  begun  within  a  few  days  after  arriving,  usually  about  the  middle 
of  May.  The  full  complement  of  eggs  may  usually  be  found  in  them  by  the  ti^^t 
week  in  June.  Some  of  the  earlier  laid  sets  are  found  far  advanced  the  second 
week  of  that  month,  while  between  June  loth  and  July  5th  the  nests  usually 
contain  young.  The  nest  is  built  of  dried  grass,  Hags  or  weeds  loosely  placed 
together  and  lined  with  finer  dried  grass.  It  is  often,  perhaps  usually,  built  in  a 
hlight  natural  depression  in  the  ground.  Sometimes  it  is  placed  upon  the  level 
earth.  In  either  case  it  is  arranged  so  as  to  be  concealed  by  the  dead  grains  stems 
and  growing  blades.  Often  the  nest  is  placed  in  a  clump  of  clover  or  tuft  of  grass 
above  the  ground  and  fastened  to  the  stems  of  the  plant. 

The  average  nest  is  four  inches  in  outer  diameter  by  two  inches  in  depth ;  the 
inner  cup  is  two  and  one-half  inches  in  diameter  by  one  and  one-fourth  inches 
deep  (Bendire,  loc.  cit.  p.  4ii^).  The  eggs  are  ovate.  The  ground  color  varies 
from  pearl  gray  or  drab  to  reddish  brown  or  cinnamon.  They  are  irregularly 
spotted  with  different  shades  of  brown,  heliotrope  and  lavender.  Almost  no  tw<» 
eggs  are  marked  alike.     The  average  size  is  .83  by  .62  inch. 

By  the  middle  of  July  the  young  are  beginning  to  leave  the  nest  and  labor 
for  th'jm^elves.  The  males  in  a  surprisingly  short  space  of  time  take  on  the 
plumage  of  the  females,  and  the  families  form  groups  and  many  families  unite, 
all  attired  in  plain  colors,  living  a  (|uiet  life  until  they  begin  their  journey  toward 
their  winter  homes.  Many  persons  are  not  accjuainted  with  the  female,  and  when 
the  attractive  coat  of  the  male  changes  to  [>lainer  hue  they  conclude  the  birds 
have  gone.  Hence  many  think  the  Bobolinks  leave  from  the  20th  to  30th  of  July. 
In  some  localities  they  }>erhaps  desert  more  undesirable  places  and  congregate  in 
favorite  spots,  in  others  they  remain  abj)nt  their  homes.  Most  of  them  seem  to 
leave  about  tbe  middle  of  Au^just,  though  it  is  much  more  difficult  to  get  satis- 
factorv  statistics  as  to  their  fall  movement-i  in  the  northern  States  than  of  their 
spring  migrations.  That  they  often  remain  much  later  than  the  date  noted,  and 
well  into  September,  is  known.  In  1890  Mr.  II.  X.  McCoy  sent  me  a  Bobolink 
taken  at  Marion  September  2!>  In  IS  U  the  last  was  reported  from  South  Ogden, 
Mich.,  September  2.     In   1S92  from   Plymouth,   Mich.,  vSeptember   12.     In  1894 
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from  Plymouth  Mich.,  September  21,  and  from  Cook  County,  III.,  September  24. 
In  1895  from  Morgan  Park,  III.,  September  12. 

During  the  spring  migrations  with  us  and  throughout  the  breeding  season  the 
food  of  the  Bobolink  is  largely  insects.  Naturally  those  species  frequenting  grass 
lands  are  chiefly  preyed  upon.  As  illustrations  of  this  I  may  refer  to  the  results 
of  two  in  relitigations  of  their  food  at  this  season.  Dr.  B.  II.  Warren,  of  West 
-Chester,  Pa  ,  examined  the  stomachs  of  twenty-seven  specimens  taken  in  Chester 
bounty.  Pa.,  in  May,  1879,  1880,  1882  and  1883,  and  found  that  eighteen  fed 
exclusively  on  beetles,  larvav,  ants  and  a  few  earthworms;  five,  in  addition  to 
insects  and  larvte,  showed  small  seeds  and  particles  of  gray  vegetable  materials, 
:ipparently  the  leaves  of  plants;  the  four  remaining  birds  revealed  only  small 
black  and  yellow  colored  seeds.  (Birds  of  Pennsylvania,  second  edition,  1890,  p. 
207. )  In  the  early  part  of  May,  1886,  Mr.  George  L.  Toppan,  ot  Chicago,  exam- 
ined the  stomachs  of  nine  Bobolinks  taken  near  Grand  Crossing,  111.,  not  far  from 
The  Indiana  line.  Eight  had  their  stomachs  full  of  insects,  while  the  ninth  con- 
tained, in  addition,  a  few  worms.  After  the  breeding  season  is  over  these  birds 
turn  their  attention  to  the  ripening  grass  seeds.  They  seem  to  be  especially  fond 
of  the  seeds  of  Hungarian  grass.  They  are  also  said,  in  some  localities,  to  eat 
the  milky  grains  of  the  maturing  corn.  On  the  whole,  their  life  with  us  may  be 
said  to  be  one  of  blessing  and  benefit,  of  happiness  and  good  cheer.  In  the  South, 
along  the  South  Atlantic  and  Gulf  coasts,  how  different  are  its  portents.  There 
they  are  winged  destroyers,  blighting  the  prospects  of  the  results  of  man's  laborj^. 
Dr.  Merriam,  in  his  report  as  Chief  of  the  Division  of  Ornithology  and  Mammal- 
ogy of  the  United  States  Department  of  Agriculture  for  1886,  gives  the  results  of 
his  investigations  of  the  <lestructioh  caused  by  the  Bobolinks,  locally  known  as 
'*rice  birds,"  among  the  rice-growing  regions  of  the  South.  I  take  the  liberty  of 
giving  the  following  extracts  from  a  letter  from  Capt.  William  Miles  Hazzard, 
of  Annadale,  S.  C'.,  one  of  the  largest  rice  growers  of  that  Ktate,  which  is  included 
in  the  above-mentioned  report  and  will,  better  than  anything  else  that  I  know, 
give  an  idea  of  the  work  of  these  birds  among  the  rice  fields. 

''The  Bobolinks  make  their  appearance  here  during  the  latter  part  of  April. 
At  that  season  the  plumage  is  white  and  black,  and  they  sing  merrily  when  at 
resL  Their  flight  is  always  at  night.  In  the  evening  there  will  be  none.  In  the 
morning  their  appearance  is  heralded  by  the  popping  of  whips  and  tiring  of  mus- 
ketry by  the  bird  minders  in  their  eflforts  to  keep  the  birds  from  pulling  up  the 
young  rice.  This  warfare  is  kept  up  incessantly  until  about  the  25th  of  May, 
when  they  suddenly  disappear  at  night.  Their  next  appearance  is  in  a  dark  yel- 
low plumage  as  the  ricebird.     There  is  no  song  at  this  time,  but  instead  a  chirp 
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which  means  ruin  to  any  rice  found  in  milk.  My  plantation  record  will  show 
that  for  the  past  ten  years,  except  when  prevented  by  strong  south  or  southwest 
winds,  the  ricebirds  have  come  punctually  on  the  night  of  the  21st  of  August, 
apparently  coming  from  the  seaward.  All  night  their  chirp  can  be  heard  passing 
over  our  summer  homes  on  South  Island,  which  is  situated  six  miles  to  the  east  of 
our  rice  plantations,  in  full  view  of  the  ocean.  Curious  to  say  we  have  never 
seen  this  Hight  during  the  day.  During  the  nights  of  August  21,  22,  23  and  24, 
millions  of  these  birds  make  their  appearance  and  settle  in  the  rice  fields.  From 
the  21st  of  August  to  the  2oth  of  September  our  every  effort  is  to  save  the  crop. 
Men,  boys  and  women,  with  guns  and  ammunition,  are  posted  on  every  four  or 
five  acres,  and  shoot  daily  an  average  of  about  one  quart  of  powder  to  the  gun. 
This  firing  commences  at  first  dawn  of  day  and  is  kept  up  until  sunset.  After  all 
this  expense  and  trouble  our  loss  of  rice  per  acre  seldom  falls  under  five  bushels, 
and  if  from  any  cause  there  is  a  check  to  the  crop  during  its  growth  which  pre> 
vents  the  grain  from  being  hard,  but  in  milky  condition,  the  destruction  of  80(4i 
fields  is  complete,  it  not  paying  to  cut  and  bring  the  rice  out  of  the  field.  We 
have  tried  every  plan  to  keep  these  pests  off  our  crops  at  less  expense  and  manual 
labor  than  we  now  incur,  but  have  been  unsuccessful.  Our  present  mode  is  ex- 
pensive, imperfect  and  thoroughly  unsatisfactory,  yet  it  is  the  best  we  can  do.  1 
consider  these  birds  as  destructive  to  rice  as  the  caterpillar  is  to  cotton,  with  this 
difference,  that  these  ricebirds  never  fail  to  come." 

Captain  Bendire  thinks  it  probable  the  decrease  in  the  numbers  of  Bobolinks 
noticeable  in  their  breeding  range  in  some  of  the  eastern  states  is  due  to  this  relent- 
less warfare  by  the  planters.  That  there  is  no  decrease  but  rather  a  noticeable  and 
continual  increase  in  numbers  and  also  in  tBe  gradual  extension  of  their  range  in 
our  region  is  the  burden  of  the  testimony  I  have  been  able  to  collect. 
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Thk  IUri>s,  Oik  Friends.     By  E.  J.  Chanslkr. 


SoMB  Additions  to  the  Indiana  Bird  List,  with  Other  Noies.     By  A.  W. 

Butler. 

The  reports  upon  the  migiation  of  birds  for  the  past  year  have  not  all  been 
received;  consequently  tho  notes  which  I  had  hoped  to  report  at  this  time  will 
not  all  be  given.  What  I  have  to  say  will  be  quite  short.  The  facts,  though  few, 
are  interesting  and  of  much  importance  to  Indiana  ornithology.  These  include 
the  addition  of  two  species  to  the  list  of  the  birds  of  the  Slate;  also  notes  upon 
other  species  which  are  of  rare  occurrence  or  in  other  ways  worthy  of  attention  at 
this  time. 

XantkoccphaliLs  xanih(Kcph<d\Li  (Bonap.)     Yellow-headed  Blackbird. 

Reported  by  Mr.  C.  A.  Tallman  from  Cook  County,  111.  It  was  tirst  seen 
May  0,  1896,  when  two  were  noted;  next  observed  May  10,  and  became  common 
the  same  day.  Fie  found  them  nesting  in  a  swamp  about  seven  miles  west  of 
Morgan  Park,  and  also  at  Mud  Lake,  on  the  Illinois  and  Indiana  line.  Their 
breeding  habits  are  very  similar  to  those  of  the  Red-winged  Blackbird. 

AnimodranuLs  hensloimi  (Aud.)     Henslow's  Sparrow. 

Not  common  in  Cook  County,  III.  The  first  one  the  past  spring  was  seen 
April  19;  next  noted  April  25,  when  it  was  as  numerous  as  it  became;  breeds. 
(C.  A.  Tallman). 

Arenaria  interpret  (Linn.)     Turnstone. 

May  23,  1890,  Mr.  Eliot  Blackwelder  and  Mr.  C.  A.  Tallman,  of  Chicago, 
noted  two  Turnstones  at  Wolf  Lake,  in  Indiana.  They  were  in  company  with  a 
miscellaneous  flock  of  small  Sandpipers.  They  were  again  seen  June  9.  I  am 
Informed  upon  the  same  authority  that  Mr.  F.  M.  W^oodruflf  has  taken  specimens 
of  this  species  in  Cook  County,  III. 

Dendroica  diticolor  ( Vieill. )     Prairie  Warbler. 

Mr.  J.  E.  Beesley  mounted  a  female  that  was  taken  at  English  Lake«  Ind., 
June  14, 1S90.  It  is  now  in  the  collection  of  the  State  Museum  in  the  State  House, 
Indianapolis. 
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Amiyelis  gan'ulns  Linn.     Bohemian  Waxwing. 

I  am  informed  by  Mr.  J.  E.  Beesiey  that  one  spring,  about  forty  years  ago, 
he  took  nineteen  Bohemian  Waxwings  in  one  day  near  Indianapolis.  They  were 
all  in  one  Hock,  and  were  Hying  forward  and  backward  over  the  river,  catching 
insects,  after  the  manner  of  B'lycatcherB. 

Piolonotaria  citrea  (Bodd.)     Prothonotary  Warbler. 

Mr.  Beesiey  informs  me  that  some  years  ago  he  obtained  a  pair  of  these  warb- 
lers on  the  farm  formerly  owned  by  Judge  Terhune,  three  or  four  miles  fnim 
Lebanon,  Ind. 

ButM  horealia  harlani  (Aud.).     Harlan's  Hawk. 

This  hawk  is  also  known  by  the  names  Black  Hawk  and  Black  Warrior. 
There  is  a  specimen  of  this  rare  species  in  the  possession  of  Mr.  R.  B.  Williams, 
who  mounted  it,  at  Lebanon,  Ind.  The  bird  was  obtained  in  Perry  Township, 
Boone  County,  Ind.,  in  September,  1887.  It  was  shot  and  its  wing  broken  by  Mr. 
W.  H.  Moler.  He  brought  it  alive  to  the  present  owner.  The  following  are  the 
measurements  taken  from  the  mounted  specimen:  Length,  24j  in.;  wing,  \i\\  in.; 
tail,  9A  in.;  culmen,  1}  in.;  tarsus,  2|  in.;  bare  tarsus,  1^  in.;  middle  toe,  \\  in  ; 
flaw,  I  in.  This  is  the  first  record  of  its  occurrence  in  the  State.  It  had  pre- 
viously been  taken  in  Illinois,  where  Mr.  C.  K.  Worthen  shot  one  of  a  pair  on  the 
Mississippi  River,  near  Warsaw,  Hancock  CJounty,  in  March,  1879.  There  is  in 
my  collection  a  specimen  taken  several  years  ago  in  Cumberland  County,  111.,  and 
presented  to  me  by  Mr.  W\  S.  Everhart,  of  Toledo,  111. 

Fref/ata  aqitUa  (Linn.).     Man-o'-War  Bird. 

The  past  fall  I  had  the  pleasure  of  seeing  in  the  office  of  Mr.  J.  E.  Beesiey, 
at  Lebanon,  Ind.,  a  fine  specimen  of  a  young  male  of  this  bird.  He  informed  me 
he  received  the  specimen  in  the  Uesh  July  15,  1891),  from  Mr.  W.  I.  Patterson, 
Shelbyville,  Ind.  It  was  killed  the  day  before  he  received  it  (July  14),  near  that 
city.  The  following  are  the  measurements  taken  from  the  mounted  specimen  : 
Length,  3  feet;  wing,  2  feet;  tail,  1(5  in.;  depth  of  fork,  7  in.;  culmen,  4]  in. 
This  is  a  bird  of  the  tropical  and  subtropical  seas.  Its  occurrence  with  us  is 
wholly  accidental.  This  is  its  first  record  for  our  State,  although  Mr.  Robert 
Ridgway  has  previously  reported  it  from  Ohio.     (Man.  N.  A.  Birds,  1887,  p.  S'-i.) 
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Nnmeniuji  hnyirostrU  Wils.     Long-billed  Curlew. 

A  mounted  specimen  of  this  bird  was  seen  in  the  possession  of  Mr.  Fletclier 
M.  Noe,  of  Indianapolis,  Ind.,  the  past  summer.  He  told  me  it  was  taken  by 
Herman  Eckert  in  a  swamp  near  Jasper,  Dubois  County,  Ind.,  April  2,  1896.  The 
mounted  specimen  showed  the  following  measurements:  Length,  21  in.;  bill,  o{ 
in.;  wing,  10  in.;  tail,  4  in.;  tarsus,  23  in. 

Ardea  cnrulea  (Linn.).     Little  Blue  Heron. 

Reported  by  Mr.  E  J.  Chansler  from  Bicknell,  Knox  County,  April  IS,  ISiHJ. 
IJe  says  they  are  not  uncommon  in  that  vicinity  in  summer,  though  he  does  not 
think  they  arc  now  so  numerous  as  they  were  before  they  began  to  drain  the 
ponds  and  swamps. 

Falco  perr(frinu8  anatum  (Bonap.)     Duck  Hawk. 

In  the  State  Museum  in  the  State  House  at  Indianapolis  is  a  Duck  Hawk 
taken  in  Boone  County,  Ind.,  May  14,  1896.     (Beasley). 

AfUis  penelope  Linn.     Widgeon. 

Mr.  Ruthven  Deane  wrote  me  of  the  capture  of  the  fourth  specimen  of  the 
European  Wi<lgeon  in  this  State  at  English  Lake  in  the  spring  of  1896.  This  is 
the  eighth  record  of  this  species  from  the  interior  of  the  United  States.  It  was 
killed  on  the  marshes  of  the  English  Lake  Shooting  and  Fishing  Clnb  by  Mr. 
John  E.  Earle,  of  Hinsdale,  III.,  March  23d  last,  and  is  now  in  Mr.  Earle's  pos- 
session.    (The  Auk,  Vol.  XIII,  July,  1896,  p.  2.>5). 

Ammodramiis  mndwicftemis  miHinnd  (Wils.).     Savanna  Sparrow. 

Mr.  J.  E.  Beasley  mounted  a  specimen  of  this  sparrow,  a  female,  which  was 
killed  at  English  Lake,  Ind.,  June  14,  1896.  The  specimen  is  now  in  the  collec- 
tion of  the  State  Museum. 

Peuctea  osstivcJu  hachmanii  (Aud.)     Bachmau's  Sparrow. 

September  22,  1896,  I  found  a  specimen  of  this  species  three  miles  north  of 
Brookville.  It  was  seen  along  a  rail  fence,  and  tried  a  part  of  the  time  to  keep 
hidden  behind  a  rail.  It  was  very  tame  and  unsuspicious.  Often  would  squat 
upon  the  bare  ground  or  in  the  short  grass  and  remain  there  motionless  for  some 
time.  I  was  within  an  arm's  length  of  it  quite  frequently,  and  saw  it  very  dis- 
tinctly a  number  of  times,  as  I  followed  it  along  the  fence.  This  is  its  first  reconl 
for  the  White  Water  Valley,  and,  indeed,  for  southeastern  Indiana. 

Brookville,  Ind.,  Dec  2t»,  1896. 
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Some  Interesting  Bone3.     By  M.  B.  Thomas. 

Tabstract.] 
In  October,  1896,  there  came  to  Crawfordsville  a  man  by  the  name  of  Henry 
Patterson  with  a  large  wagon  load  of  bones.     These  were  extravagently  described 
in  handbills  and  attracted  many  visitors. 

They  were  studied  by  the  author  and  Prof.  D.  Bodine.  Afterwards  by  Dr. 
E.  E.  Cope,  with  the  aid  of  photographs.  The  bones  were  from  some  recent  iin- 
hack  whale,  but  they  made  a  profitable  exhibition  for  their  owner. 


The  Hydrooraphic  Basins  of  Indiana  and  Their  Moi^lvsoan  Fauna. 

By  R.  Ellsworth  Call. 

For  the  purposes  of  this  paper  the  State  of  Indiana  is  regarded  as  being  di- 
vided into  ten  major  hyrographic  basins,  as  shown  in  the  accompanying  map. 
Of  these  the  largest  is  the  basin  of  the  Wabash;  the  smallest  the  basin  of  the  Pa- 
toka.  Some  of  the  waters  of  the  State  debouche  into  the  Atlantic  through  the 
great  lakes;  others  find  their  way  to  the  gulf  by  way  of  the  Illinois  and  Missis- 
sippi, still  others  reaching  the  same  destination  by  way  of  the  Ohio  and 
Mississippi.  Of  these  two  major  systems  of  drainage  the  latter  is  by  far  the  most 
important. 

Walerfi  of  the  Atlantic  Drainage. — In  the  northeastern  part  of  the  State  is  a 
considerable  area  of  country,  drained  by  the  Maumee,  itself  a  stream  formed  by 
the  St.  Mary's  and  St.  .Joseph  rivers,  and  emptying  into  Lake  Erie.  Of  the  sur- 
face features  of  this  small  basin  more  will  be  said  in  the  section  devoted  to  the 
physiographic  features  of  the  various  regions. 

The  second  and  third  sub-drainage  areas  of  northern  Indiana  contribute  their 
waters  to  Lake  Michigan ;  one,  the  largest,  through  the  St.  Joseph's  River,  the 
second  of  that  name  within  the  State;  the  other,  the  smaller,  haa  no  large  streams 
and  is  directly  drained  into  Lake  Michigan.  Between  the  two  last  named  lies 
the  upper  portion  of  the  Kankakee  River,  a  considerable  stream,  which  flows  into 
the  Illinois. 

Waters  of  the  Oulf  Drainage. — More  than  nine-tenths  of  the  State's  area  is 
directly  contributary  to  the  Ohio  through  the  remaining  six  basins  which  we  have 
found  it  convenient  to  establish.  Nearly  all  of  this  vast  territory  is  drained  by 
the  Wabash  and  its  two  principal  tributaries,  the  east  and  west  forks  of  the 
White  River.  Next  in  order  of  size  come  the  Ohio,  the  Whitewater  and  the  Pa- 
toka,  the  latter,  however,  tributary  to  the  Wabash  directly. 
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Surface  features. — The  northern  region  of  Indiana  is  entirely  within  the  region 
of  ancient  glaciation ;  its  snrface  is  characteristic  of  the  drift  areas.  It  is  char- 
acterized by  streams  which  are  almost  entirely  in  glacial  debris,  sand,  gravel, 
boulders  and  clay  variously  contributing  to  the  bottom  features  of  the  several 
streams;  in  the  low-lying  and  imperfectly  drained  prairie  regions  are  many  lakes 
<»f  varying  areas,  as  the  seasons  are  wet  or  dry,  and  of  very  great  differences  in 
their  comparative  sizes.  These  lakes  are,  for  the  most  part,  shallow,  with  more 
or  less  sandy,  or  gravelly,  or  bouldery,  bottoms  and  shores.  An  abundant  marshy 
vegetation  surrounds  them,  and  sluggishly  flowing  streams  serve  to  drain  most  of 
them.  The  whole  region  being  so  heavily  covered  with  glacial  deposits  there  are 
few  elevations  and  they  are  mostly  portions  of  the  several  terminal  moraines ; 
the  country  rock  rarely,  if  ever,  appears  in  either  natural  or  artificial  sections. 
The  beds  of  all  the  streams  are  full  of  glacial  boulders  and  sands  or  gravels. 

The  Kankakee  basin  differs  in  no  essential  respects  from  those  just  described. 
It  is  worthy  of  note,  however,  that  the  course  of  this  river,  as  indeed  that  of  all 
within  the  drift  area,  has  been  largely  determined  by  the  moraines  which  crows 
the  State  in  a  series  of  irregular  lines,  most  of  which  are  north  of  the  Wabash. 
The  same  general  truth  is  apparent  of  the  Maumee  River,  the  course  of  which 
has  certaialy  been  determined  by  the  glacial  detritus  over  which  it  flows.  But 
the  general  drainage  level  is  so  slight  that  there  are  sections,  as  those  between 
Huntington  and  Fort  Wayne,  where,  at  seasons  of  the  year  when  the  streams  are 
all  at  full  Mood,  the  waters  indifferently  flow  to  either  the  Atlantic  or  the  Ohio 
drainage.  This  important  fact  will  be  again  noted  in  the  matter  of  distribution 
of  the  mollusks  of  the  two  regions. 

The  region  drained  by  the  Wabash  and  the  White  rivers  is,  iu  many  respects, 
widely  different  from  the  region  previously  described.  For  many  miles  of  its 
course  the  upper  Wabash  Hows  through  canons  cut  into  the  country  rock  within 
its  own  life  history ;  at  Wabash  and  Peru  the  real  nature  of  this  corrasive  work  is 
well  exhibited.  But  higher  up  the  canon  is  deeper  and  the  stream  less  wide; 
suddenly  it  rises  high  on  the  surface  and  flows  along  over  glacial  detritus,  like  the 
rivers  farther  to  the  north.  That  it  flows,  for  some  part  of  its  course,  in  pregla- 
cial  channels  is  true,  but  it  is  also  true  that  it  has  abandoned  those  channels  in 
(jther  portions  of  its  course.  It  results  from  this  that  its  character  changes  at  va- 
rious points  along  its  course  ;  a  fact  of  importance  that  should  be  borne  in  mind 
in  discussing  the  distribution  of  the  fresh-water  mollusks  found  in  its  waters. 

Both  the  basins  of  the  White  rivers  present  two  features  in  common  ;  they 
How,  at  their  beginnin^r,  over  a  surface  covered  with  glacial  matter  and  then  sud- 
denly pass  beyond  its  limit  of  distribution  and  How  in  channels  through  regions 
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the  physiographic  features  of  which  were  determined  in  preglacial  times.  In  the 
upper  portion  of  their  courses,  therefore,  they  present  similar  features  to  those  of 
the  upper  Wabash,  but  in  their  lower  valleys  they  are  quite  different  though  alike 
in  most  respects  when  compared  with  each  other.  The  highest  and  roughest  re- 
gion of  the  State  is  drained  by  the  White  River  and  the  small  Wabash  conlribu- 
tary  basin,  the  Patoka.     This  region  is  the  least  well  known  conchologically. 

The  Whitewater  basin  is  very  like  the  upper  Wabash  and  for  the  most  part  is 
entirely  within  the  limit  of  glaciation,  which  reaches  the  Ohio  in  the  vicinity  of 
Lawrenceburg,  in  Dearborn  County.  The  lower  portion  of  the  Whitewater  is  j»e- 
culiarly  sandy  and  does  not  seem  to  be  suited  to  very  great  development  of  mol- 
luscan  life. 

The  long  and  narrow  basin  of  the  Ohio  is  very  rough  and  the  country  rock, 
chiefly  limestone,  everywhere  appears  in  the  bluffs  and  along  the  small  tributary 
streams.  In  certain  of  the  smaller  stream>i  of  this  basin  Strepomatid  shell  life 
appears  in  great  abundance,  but  the  Unionid  fauna  is  mainly  confined  to  the  Ohio 
itself  and  no  species  appear  which  are  not  to  be  found  in  that  stream 

From  these  facts  it  is  evident  that  a  wide  diversity  of  environmental  condi- 
tions is  exhibited  in  the  several  basins  as  herein  outlined.  These  differences  find 
corresponding  variables  in  the  waters  of  the  streams ;  in  some  they  are  ((uite  soft, 
while  in  others  the  waters  are  verv  hard.  Most  of  the  small  lakes  in  the  northern 
portion  of  the  State  present  waters  that  are  very  hard  ;  in  them  the  waters  are 
often  so  highly  charged  with  calcium  carbonate  that  it  is  deposite<l  thickly  on  the 
portions  of  the  shells  that  project  above  the  bottoms  in  which  they  are  partly 
buried.  In  many  of  the  streams  the  same  facts  are  to  be  observed;  this  is  especi- 
ally noticeable  in  the  upper  Wal)ash,  the  shells  from  which  are  all  more  or  less 
heavilv  coated  with  this  substance.  Collei'tions  from  lower  down,  notablv  from 
Terre  Haute  to  the  mouth,  are  almost  entirely  devoid  of  this  accretion. 

it  is  important  to  note  the  molluscan  facies  of  the  various  drainage  areas  and 
by  a  comparison  of  their  faunas  seek  to  correlate,  if  possible,  the  facts  of  distri- 
bution with  the  physiographic  and  geologic  features.  The  physiographic  features 
have  already  been  noted;  to  facilitate  comparisons  of  this  nature  lists  of  the 
moUusks  have  been  collated,  in  every  case  based  upon  specimens  actually  col- 
lected at  one  or  more  localities  in  the  several  basins.  While  these  lists  are  incom- 
plete in  that  they  do  not  represent  the  full  richness  of  the  several  faunas  they 
have  proven  instructive  and  may  be  useful  in  the  general  biologic  study  now  un- 
dertaken bv  the  Academv.     These  lists  now  follow. 
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BIVALVES. 

Pifiidium  abdituui  Hald  .^ 

PUifi'iutn  rotundatvm  Prime  . . . 
Pitidium  virqinicum  Boiirff 

}ketrium  /ahaU  Prime. ....... 

thmrium  rhomboideu m  Prime . 

ihxrium  »olidulum  Prime  — 
i^vhserium  sphterieiim  Anth  — 
Sph/erium  Htamineum  Conrad  . . 

S^htenum  ttriatinum  Lam 

i^hxrium  sulcatum  Lam 

Sphm^um  tran»vtrfmtn  Say 

Anodonia  decora  Lea 

Anodonta  vdentuln  Say 

Anodonta  ferruginen  Lea 

Anodonta  ferutnaeiana  Lea  — 

Anodonta  footian a  Lea 

A  nodonta  prandis  Say 

Anodonta  imbevillia  Say 

Anodonta  pavonia  Lea 

Anodonta  plana  Lea 

Anodonta  galinonia  Lea 

Atiodonta  thtffferiana  Lea 

Anodonta  tubcylindrncen  Lea . . 

Anodonta  warxliana  Lea 

Anodonta  tmhorhiculota  Say.. . . 

Anodonta  Hndvlata  Say 

Marparitana  calceola  Lea 

Marparitana  complanata  Bar  . . 
Margaritana  conjrngo9a  Say. . . 
Marparitana  dehinreM  Say  — 
Margaritana  hiU(rethiana  Lea  . 
Margaritana  marginata  Say  . . . 
Margaritana  m<  nodonta  Say. . . 
Margaritana  rugona  Barnes  . . 

Unto  abrieptuH  Say 

Vnw  <p*oj!)Mi»  Green  

Unio  alatvff  Say 

Unio  anodontoiden  Lea 

Unto  arctior  Lea 

Unio  a«perrimvfi  Lea  

Unio  eaniptodon  Say 

Unio  eapux  Green 

Unio  civatricoinit  Say 

Unio  cineinnati€n«i9  Lea 

Unio  circuhiif  Lea 

Unio  clarun  Lara 

Initio  cocciru-it^  Lea 

Unio  eooperianun  Lea 

Unio  eornvtu9  Barnes 

Unio  eranttidenn  Lara 

UnM  eplindriev*  Say 

gnw  aittann  Anth 
nio  dottaciformia  Lea 

Unio  dorfeuiUianus  Lea 

Unif}  efteniM  Lea 

Unio  elegant  Lea 

C^io  tll%p9i»  Lea 

Uniofabali*  Lea 

Uniofoliatun  Hild 
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Ftxiiii  tliiK  tnlile  it  will  Iw  uligerved  that  die  siwcies  of  the  fallowing  list  i 
quite  generally  dixiriliiiteil  throughout  the  State,  representativea  having  been  ■■ 
from  nearly  every  basin.     It  will  l>e  nuceil  at  once  thai  uiust  of  these  forma  are 
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wide  geographic  distribiilion  over  the  northern  United  States,  a  fact  which  goes  a 
long  way,  first,  in  establishing  their  high  antiquity  as  species,  and  second,  the 
fact  that  they  have  successfully  adapted  themselves  to  conditions  which  are  widely 
variant.  Many  of  them  occur  far  to  the  southward,  beyond  the  limits  of  glacia- 
tion,  extending  even  to  the  middle  portions  of  Alabama,  some  of  them  under 
other  names  than  those  which  we  are  accustomed  to  apply  to  them  here.  Dif- 
ferences of  a  trivial  character,  the  result  of  environment,  appear  to  have  been 
seized  upon  by  the  species  makers  and  the  older  naturalists  whose  ambitions  alike 
seemed  to  have  been  to  write  ^^ nobis**  after  a  specific  name. 

REGISr^R  OF  (iENKRALLY   DISTRIBUTED  SPECIES. 

Uhio  claims.  Unio  t^llipsis. 

*Unio  it'is.  l^nia  pres'us. 

Vnio  luitolus.  Unio  (/ibboHu.1. 

Unio  liyamentinns.  Unio  rectus. 

Unio  muftiradicUus.  Unio  occidens. 

Unio  rubiginosus.  Marpmitana  caireola. 

* Margaritana  marginata.  Margaritana  nig-ma. 

Anodonta  fernssdciana.  Anodonta  edentula. 

^Anodoriia  grandis.  Sphueriuin  solidulum. 

Sphacrium  striatinum.  'Sphaerium  (ransversum, 

Amnicola  porata.  Amyiicola  hmosa. 

Limnophysa  palustris.  Limnophysu  retfexa. 

Limnophysa  desidiosa.  ILlisoina  trivolrii<. 

Physa  heteroftropha.  Physa  gyrina. 

Goniobdsis  pulchcUa. 

Summarizing  this  group  of  names,  there  are  nine  genera  and  twenty-nine  spe- 
cies; of  these  four  genera  and  twenty  species  are  bivalves;  the  rest  are  univalves. 
There  have  been  found  up  to  this  time,  and  thus  certainly  known  to  belong  to 
the  Indiana  fauna,  a  total  of  one  hundred  and  sixty-five  species  of  fresh  water 
shells.  Nearly  one-sixth,  therefore,  of  our  .species  are  to  be  found  all  over  the 
State;  this  proportion  will  certainly  be  increased  on  thorough  exploration.  Cieo- 
graphic  series,  which  have  been  studied,  of  these  widely  distributed  forms  show 
some  interesting  facts  in  the  line  of  variation,  facts  which  are,  most  certainly,  to 
be  correlated  with  peculiarities  of  environment.  This  is  especially  true  of  those 
forms  which  are  indifferently  found  in  lakes,   ponds  or  Howing  streams,  such  as 


"These  fornji«  have  been  found  in  nil  but  one  b:i>in  in  In'liana.  with  evcrj*  iirobnbility 
that  each  uccurs  therein  anii  will  be  foun<l  on  full  c\|>lonition. 
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Margaritana  rugosu  and  Unio  luteotus.  No  two  series,  from  the  different  areas, 
present  exactly  the  same  facies.  So  marked  is  this,  in  some  cases,  that  the  lake 
forms  can  always  be  separated  from  those  which  were  obtained  in  streams.  This 
general  study  is  reserved  for  more  abundant  data  and  final  discussion  on  another 
occasion. 

A  further  study  of  the  geographic  tables  will  demonstrate  that  the  richest 
shell  faunas  occur  in  the  Wabash  and  the  Ohio  drainages,  these  two  areas  furnish- 
ing nearly  the  same  species  in  common,  though  many  of  each  are  not  generally 
distributed  over  the  State.  Of  the  shells  which  are  both  common  and  yet  limited 
in  distributioB  Unio  ebenw,  Unio  irroraius  and  Unio  cenopus  among  the  bivalves, 
and  Campeioma  ponderoaum  and  Pleurocera  cancUictdatum  among  the  univalves  will 
serve  as  types.  The  differences  between  the  two  basins  may  be  noted  from  the  fol- 
lowing lists: 


OHIO   BASIN. 

Unio  camel  Hi*. 
Unio  ixiricostut. 
Unio  cincin.vatiensw. 
Unio  foliatuf. 
Unio  dor/euiUuinvx, 
Sphaerium  stwnineum. 
Anculosa  prirroAa. 
Anculom  triline(Ua. 
Anculosa  mrinata. 
GoniobattiK  bir,olorata. 
Goniobans  depygis. 

GONIOBASIS  INFANTULA. 

Gonxohaxvi  informxA. 
Gonifiha^Vi  inttt'MUi. 
GONIOKASIS  LOUI8VILLENSI3. 
Pteurocera  AimpUx. 
Amnieoia  cincinnatienais. 


WABAAH    BASIN. 

Unio  personaius. 
Unio  sampsonii. 
Anodonta  fuborhicuLala. 
Margaritana  eonfragosa. 
Sphnericnm  sphaerieum, 
^Sphfpnum  fabaJe. 
Goniobiuiia  xparfenburghen»is, 
Goniobasis  lii^escenat. 
Goniobat^is  eubieoidex. 
Angiirema  annigera. 
MESE8CHIZA  GROVESNORII. 
Pteurocera  tntoaiii. 
Vivipara  nnbimrpvrea. 
Vivipara  conlertoides. 
Vivipara  inlerterta. 
MenetttA  eracutuH. 
Campeioma  decisum. 
Campeioma  rufum, 
Campeioma  i*ubi*olidum. 
Limnophysa  oaperata. 
I'lanorMla  camjmnulata. 


*"  Not  seen  ;  admitted  to  the  li-t  on  the  authority  t»f  Temple  Prime,  vide  "  CataltHTae  of 
the  Speoies  of  Corbiculadw,"  p.  10.  ISrti. 
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Here  are  totals  of  eleven  species  found  in  the  Ohio  basin  against  fifteen 
which  are  found  in  the  Wabash  basin.  The  proportion  would  be  substantially 
the  same  if  the  synonymous  forms  incluided,  printed  in  small  capitals,  were  ex- 
cluded from  the  list.  None  of  the  members  of  the  genus  Vivipara  appear  in  the 
Ohio  basin,  while  but  two  Uniones  are  found  in  the  Wabash  basin  that  are  not 
found  in  that  of  the  Ohio.  No  limnaeids  appear  to  be  characteristic  of  the  Ohio 
basin,  while  three  such  are  found  in  the  Wabash.  Yet  it  is  to  be  constantly 
borne  in  mind  that  further  collections  may  invalidate  this  comparison  by  the 
discovery  of  other  common  forms,  or  that  some  of  these  forms  may  yet  be  ascer- 
tained to  be  common  to  the  two  faunas. 

Turning  again  to  the  northern  portion  of  the  State,  the  most  interesting  fact 
presented  is  the  existence  of  a  number  of  Ohio  drainage  forms  in  the  Maumee 
River,  a  stream  of  the  Atlantic  drainage.  Opportunity  was  afforded  the  past 
spring  to  make  a  small  collection  in  the  Maumee  and  the  St.  Mary's  Rivers  at 
Fort  Wayne,  well  within  the  Maumee  Basin.  While  the  collection  was  by  no 
means  exhaustive,  it  developed  some  very  interesting  facts  which  possess  more 
than  a  passing  significance. 

Among  the  Ohio  River  forms  found  were  the  following : 
Unio  rubiginosuSy  Unio  clawiSy 

Unio  glanSf    .  Unio  gibbosutty 

Unio  luieolnsy  Unio  parvuSy 

Unio  retusuSy  Margaritana  calceohy 

Margaritana  complanatay  Ooniobasis  piUchellay 

Anodonta  edentula,  Unio  pi-essut. 

These  species  are  accredited  to  the  Western  fauna,  and  most  of  them  are  not 
hitherto  recorded  as  belonging  to  the  Atlantic  fauna.  Two  of  these  were  so  re- 
corded by  the  writer  as  long  ago  as  1877,  in  the  Erie  Canal,  in  the  Mohawk  drain- 
age, at  Mohawk,  N.  Y.,  and  record  made  of  the  fact  in  the  * 'American  Natural- 
ist," Vol.  XII,  pp.  472,  473.  Other  records  have  since  appeared.  Unio  luteolus 
is  often  quoted  in  faunal  lists  used  for  exchange  purposes  by  Eastern  collectors, 
but  in  every  case  where  specimens  have  been  secured,  thus  far,  they  have  proven 
to  be  the  male  forms  of  the  totallv  distinct  Unio  cariosuSy  a  form  not  vet  found  in 
Western  waters.  Anodonta  edentiUa  may  be,  and  probably  is,  a  geographic  variety 
of  the  Eastern  Anodonta  undnlalay  but  the  Maumee  forms  are  Western  in  facies. 
It  is  therefore  proper  to  regard  it  here  as  a  Western  shell  in  the  drainage  of  an 
Atlantic  stream.  So  far  as  the  specimens  go  which  are  in  my  possession,  they  do 
not  present  very  marked  differences  from  the  same  shells  found  a  few  miles  to  the 
west  in  waters  tributary  to  the  Wabash.     The  environmental  factors  are  precisely 
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the  same  in  both  areas,  and  there  should  l>e  no  marked  differences.  There  are 
nunc.  But  mingling  with  the  Western  fauna  of  the  Upper  Wabash  were  found 
large  number:^  of  the  Eastern  strepomatld  shell,  Goniobasis  liveseeru,  a  form  which 
is  abundnnt  from  New  York  throughout  Northern  Ohio  and  along  the  Great 
Lakes.  Near  Huntington,  on  the  Wabash,  this  shell  was  the  most  abundant 
strepomatld  found.  The  same  facts  were  true  of  the  St.  Mary's  and  the  Maumee, 
though  the  greatest  numbers  were  found  in  the  former  stream,  clinging  to  the 
rocks  along  the  banks,  in  the  heart  of  the  city  of  Fort  Wayne.  Associated  with 
them  were  large  numbers  of  Pleurocera  subularej  a  form  abundant  in  the  E«ast,  but 
also  of  wide  Western  distribution,  and  an  undetermined  pleuroceroid  mollusk  of 
Western  attinities.  It  closely  resembles  Pleurocera  lewUiif  but  of  this  determina- 
tion I  am  yet  uncertain. 

It  is  important  to  note,  in  this  connection,  that  the  headwaters  of  the  Aboite 
River,  or  its  east  fork,  approach  to  within  three  miles  of  the  St.  Mary's  at  Fort 
Wayne,  and  that  the  divide  at  that  locality  is  hardly  perceptible.  Moreover,  the 
Wabash  ^  Erie  Canal  has  long  established  water  communication  between  the  two 
basins — [irobably  hmg  enough  to  establish  interchange  of  faunas,  especially  in  the 
c.i^e  of  the  univalves,  which  are  far  more  migratory  in  their  habits  than  the 
IJnionidu'.  This  is  the  case  in  the  Erie  Canal  in  New  York,  by  means  of  which 
the  advent  of  the  Western  fauna  into  Eastern  waters  may  be  almost  chronolog- 
ically traced.  To  offset  this  possible  explanation  is  the  fact  that  the  species  seem 
to  be  well  established,  and  occur,  many  of  them,  in  great  numbers  in  the  Maumee 
Hasin.  But,  whatever  the  explanation,  the  species  appear  in  the  two  basins,  and 
in  them  both  there  is  a  commingling  of  the  two  faunas,  with  but  few  Western  rep- 
resentatives of  the  Eastern  fauna.  The  Eastern  representatives  in  the  Western 
fauna  greatly  outnumber,  both  in  species  and  individuals,  the  Extern  fauna  in 
the  Western  Basin. 

The  suggestion  of  the  relation  of  this  distribution  to  glaciation  and  its  physi- 
ographic results  has  before  occurred  to  the  writer,  though  in  another  connection. 
As  long  ago  as  188(),  in  discussing  certain  anomalies  in  the  distribution  of  Ohio 
River  forms  of  Unionidiv  in  the  State  of  Kansas,  attention  was  directed  to  this 
problem  in  the  following  language:  "Considerable  data  have  accumulated  in  the 
hands  of  the  writer  which  seem  to  imply  the  necessity  of  correlating  this  peculiar 
distribution  with  certain  facts  in  glacial  geology,  but  those  data  will  not  warrant 
the  statement  that  such  correlation  exists.  Attention  is  directed  to  this  problem 
in  the  hope  that  other  observers  may  use  their  opportunities  and  supply  all  the  in- 
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formation  possible. ''^  A  recent  writer  proposes**  the  same  explanation  for  the 
distribution  of  the  two  faunas  in  this  region  and,  from  the  facts  we  have  herein 
adduced,  the  locality  offers  most  excellent  opportunities  for  a  careful  study  of  the 
problem.  Yet,  the  fact  of  the  artificial  connection  of  these  two  areas  must  con- 
stantly be  borne  in  mind.  A  second  region  where  the  heads  of  the  drainage  areas 
are  practically  coincident  occurs  in  Kosciusko  County,  where  the  several  smalt 
lakes  and  general  low-lying  region  are  all  drained  by  streams  which  How  either 
into  the  Tippecanoe  or  the  Turkey  rivers,  the  first  of  which  is  tributary  to  the 
Wabash,  the  second  to  the  St.  Joseph's,  of  Michigan.  A  low  moraine  separates 
the  two  basins.  This  is  the  location  of  the  Biological  Station  of  the  State  Tni- 
versity  which  will,  presumably,  interest  itself  in  this  (question. 

An  investigation  of  the  fauna  of  the  Upper  Wabash  that  would  be  complete 
might  disclose  others  of  the  eastern  species  in  its  waters.  Strong  corroborative 
evidence  might  be  secured  through  the  ichthyic  fauna  of  the  two  rivers,  the  Wa- 
bash and  the  Maumee,  for,  if  the  suggestions  of  this  paper  are  tenable,  some  de- 
gree of  correspondence  should  be  disclosed  by  a  study  of  the  fishes.  This  corre- 
spondence, if  it  exists,  will  aid  in  understanding  the  methml  of  distribution  of  the 
Unionidn-  which  is  so  largely  effected  through  the  medium  of  fishes. 


'  rW^,  Call,  '*  Fifth  Contribution  t<»  a  Knowledge  of  the  Fresh  WHter*Mollu8ca  of  Kan- 
sas," Bull.  Washburn  College  Laboratory  of  N  itural  History,  vol.  i.  No.  G.  pp.  178, 1?J,  18^S6. 

•"'Simpson,  "On  the  Mis!«is«ippi  Valley  Unionidw  Found  in  the  St.  Lawrence  and  At- 
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The  American  Indian,  His  Religion.     By  George  L.  Curtis. 


Notes  on  the  Origin  of  the  Epiphysis  Cerebri  in  Amia.     By  B.  M.  Davis. 

[Abstract.] 

The  presence  of  the  epiphysis  in  all  the  vertebrates  from  the  Cyclostome*  up 
has  made  it  an  object  of  study  among  comparative  anatomists  for  a  long  time. 
Its  structure  and  development  has  been  described  for  all  the  groups  except  the 
Ganoids. 

I  have  had  occasion  lately  (together  with  Dr.  Eyclescheimer  of  Chicago  Uni- 
versity) to  examine  the  early  development  of  this  structure  in  Amia  calva,  and 
this  is  merely  a  preliminary  note  to  a  more  detailed  and  complete  account,  which 
will  be  published  later. 

It  has  been  described  (e.  ^.,  Hertwig's  Embryology)  as  always  arising  in 
exactly  the  same  way,  i.  <;.,  as  a  forward  evagination  of  the  roof  of  the  thalamen- 
cephalon.  As  4  matter  of  fact,  however,  the  opposite  is  true  in  several  forms. 
(Petromyzon,  Acipenser,  Amia,  Chick.) 

Its  first  appearance  in  Amia  is  in  a  larva  still  uncoiled  from  the  yolk.  It  is 
noteworthy  that  it  does  not  appear  this  early  in  all  individuals.  In  some  cases  it 
does  not  develop  until  the  larva  has  uncoiled  from  the  yolk  and  has  attained  a 
length  of  four  or  five  millimetres. 

It  is  at  first  a  simple  fold  in  the  brain-roof  directed  backward.  There  are  no 
histological  features  which  would  distinguish  it  from  the  adjacent  parts  of  the 
brain. 

The  stages  immediately  succeeding  this  show  a  gradual  change  in  structure. 
The  upper  part  of  the  fold  is  differentiated  into  the  epiphysis.     It  is  a  glove-fiuger- 
like  structure,  with  its  cavity  bounded  above  by  two  rows  of.  cells  and  4>elow  %j  ' 
several. 

The  distal  end  for  some  time  remains  much  the  same  in  structure,  but  the 
dorsal  wall  of  the  proximal  end  becomes  thickened.  This  thickened  portion 
extends  forward  and  becomes  the  so-called  **  anterior  vesicle."  From  the  time  of 
origin  it  would  seem  that  "secondary  vesicle"  would  be  a  better  designation. 

The  two  vesicles  are  attached  to  the  bram-roof  bv  a  stalk  and  have  a  common 
0|)ening  into  the  thalamencoele. 

Later  the  anterior  or  secondary  vesicle  shifts  to  the  left,  and  from  the  ten- 
millimetre  stage  on  is  found  to  the  left  of  the  primary  vesicle. 
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The  above  list  is  as  complete  as  I  could  make  it  and  includes  all  the  impor- 
tant papers  on  the  subject.  For  the  titles  of  some  of  the  articles  which  I  was 
unable  to  consult,  I  am  indebted  to  the  papers  of  Sorensen  and  Francotte  and 
Prenant*s  "  Elements  d'Embryologie." 


The  Snowbird  at  Night.     By  W.  P.  Shannon. 


On   the  Occurrence   of  Several   Families  of   Aquatic  Animalcul^k   in 

New  Stations.     By  Elwood  Pleas. 

On  February  25, 1896,  while  searching  a  small  lichen  for  diatomes  that  might 
have  found  a  possible  lodgment,  it  was  a  matter  of  much  surprise  to  find  a  large 
and  active  Roti/ef  vulgarU  measuring  its  length  across  the  microscopic  field.  Far- 
ther examination  of  this  lichen,  as  well  as  others  from  the  same  and  neighboring 
trees,  logs,  stumps,  board  and  rail  fences,  disclosed  the  fact  that  the  Roiifera  (in 
several  genera  and  species),  Anguillula  fluvicUiliSj  Maeribiotus  americanuSf  Paranurcia^ 
and  many  more  minute  fiagellate  Monads  (some  or  all  of  them)  might  be  expected 
in  every  lichen,  in  short,  compact,  growing  mosses,  and  in  fact  wherever  a  crypto- 
gam can  be  found. 

The  temperature  was  below  freezing  when  the  first  lichens  were  collected,  and 
had  been  15^  below  zero  a  few  days  earlier,  but  upon  soaking  the  lichens  for  a 
minute  or  two  in  about  as  much  water  as  they  would  absorb,  and  squeezing  into  a 
small  dish  and  transferring  two  or  three  drops  (dregs  and  all)  with  the  dipping 
tube  to  a  slip  or  cell,  it  was  generally  found  that  some  or  all  of  these  strangely 
domiciled  animals  had  already  resumed  the  functions  and  activities  of  life. 

A  few  of  these  microscopic  animals  had  become  quite  familiar  as  denizens  of 
almost  every  ditch  and  pool  in  the  land,  but  the  astonishment  was  scarce  greater 
at  finding  auch  creatures  in  such  a  habitat  than  at  the  great  variety  and  vast  num- 
bers of  them  on  exhibition. 

On  March  22  a  lichen  about  1  xl|  inches,  pared  from  the  upper  edge  of  a 
fence  board,  yielded  203  rotifers,  besides  other  living  forms. 

Examination  was  not  resumed  until  December  4,  when  a  lichen  about  1^x1} 
inches,  yielded  69  rotifers,  18  water  eels,  7  water  bears,  several  Parama'cium  and 
many  minute  flagelate  protozoa. 
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On  December  18,  a  fragment  of  lichen  Ijxli  inches  square  slipped  from  the 
bark  of  a  May  cherry,  yielded  828  '*  wheel  bearers,"  10  "water  eels,"  25  **  water 
bear,"  and  greater  numbers  of  minute  infusoreie;  while  on  the  same  day,  from  a 
minute  greenish  yellow  lichen,  estimated  at  ^  inch  in  diameter,  there  were  taken 
65  rotifers,  4  eels,  1  bear  and  4  mites. 

So  universal  seems  to  be  the  distribution  of  some  of  these  forms  that  the  diffi- 
culty  is  to  find  a  spot  where  lodgment  is  possible  not  already  occupied. 

On  December  19,  from  the  calyx  of  an  apple  that  had  been  in  a  dry  cellar  for 
a  month  2  rotifers  and  6  eels  and  other  things  were  obtained,  and  3  apples  yielded 
32  of  these  forms,  fragments  of  insects  and  the  wreckage  of  various  filamentous 
fungi,  and  innumerable  unknown  spores  and  bacteria. 

The  writer  of  this  paper  has  neither  the  fine  microscopic  appliances  nor 
works  of  reference  necessary  for  fi  close  study  and  determination  of  the  most 
minute  forms  observed,  and  the  names  of  a  few  in  the  list  which  follow  are  given 
provisionally.  We  are,  however,  indebted  to  the  distinguished  microscopist  and 
widely  known  writer  and  author  of  several  splendid  books  on  microscopic  sub- 
jects, Dr.  Alfred  C.  Stokes,  of  Trenton,  New  Jersey,  for  having  examined  material 
sent  and  identified  a  dozen  or  more  of  the  species  in  the  list,  which  is  as  fol- 
lows : 

Infusoria. 

AmphilcptuH^  sp.  ?. 

Heteromitay  sp.  ?. 

TeUina^  sp.  ?. 

Vortirellaj  sp.  ?. 

Paramaecia^  sp.  ?. 

Chilitdonj  sp.  ?. 

Free  swimming  Mounds^  several  sp.  ?. 

RHizoroDS. 

Eu(flypha  Cilliata. 
Euglypha  aheaiata.  ?. 
ArcfUa  vnU/aria. 
Amifba  rcrrucwa. 
Ash ulin^i  xe. m inuln m. 
Diffltigia  pyri/ormU. 
Dijluffia  cornna  ?. 
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Eels,  Mites,  Etc. 

AnguUlula  jiuviatUlis. 
Alaerolnoties  americanim. 
WaUr  MiU,  sp.  ?. 
MiUf  sp.  ? ;  probably  terrestrial. 
ErUomoiUraea,  resembling  LHoptomus, 

ROTIFERA. 

Rotifer  vulgan^j 
Rotifer,  2  sp.  ?. 
PhUodimi  aeuleata. 
Rotifer,  eggs,  sp.  ?. 

AUQM. 

No8tie  lichenoides,  ?. 
PraioeococuM  viridis. 
Spirofjyra,  sp.  ?. 
Otcillaria,  sp.  ?. 
Diatomee,  tspeeiea,  ?. 

Examples  of  lichens  rich  in  the  aciuatic  organisms  above  listed  were  sent  to 
half  a  dozen  prominent  microscopists  with  the  request  that  they  report  the  things 
foand  in  them,  and  whether  the  finding  of  such  creatures  in  such  habitats  was 
new;  and  if  not  they  were  requested  to  cite  some  article  or  work  of  reference  giv- 
ing information  upon  the  matter. 

All  expressed  surprise  at  the  find  and  failed  to  cite  any  work  of  reference, 
save  a  distinguished  lady  of  Pennsylvania,  who  referred  to  Dr.  Joseph  I^idy 
(XII  vol.  Hayden*s  Geol.  Rep.,  1870),  where,  in  speaking  of  Rhizopods,  he  says, 
substantially:  ''While  essentially  aquatic,"  they  occur  wherever  there  is  moist- 
ure, commencing  with  one*s  own  doorstep  and  extending  to  ocean's  depth,  and 
even  upon  the  bark  of  growing  trees,  etc.,  etc. 

The  theory  generally  advanced  to  account  f<>r  the  sudden  appearance  of 
countless  numbers  of  Bacteria,  Infusoria,  Rhizopoda,  etc.,  in  cisterns,  watering 
troughs,  transient  pools  and  puddles  of  water,  is  that  they  or  their  eggs  or  germs 
have  been  gathered  up  from  dried-up  ponds  and  ditches  by  the  summer  winds 
and  carried  for  long  distances  and  deposited  on  walls  and  roofs,  etc.,  from  whence 
they  are  washed  by  copious  rains  and  afterward  germinated,  or  are  developed  or 
revived. 

While  this  may  be  true  in  part  as  to  some  of  the  almost  structureless  Pro- 
tozoa, it  would  seem  scarcely  sufficient  to  account  for  the  appearance  of  the  more 
highly  organized  Rotifers,  AnguUlula  and  mites,  in  the  driest  of  dry  lichens,  in 
every  stage  of  development  from  egc:  to  the  full-grown  animal,  and  that  in  the 


274 

dead  of  winter.  One  of  the  correspondents  reporting  on  material  sent  for  exam- 
ination, twice  reported  Rotifer  eggs,  and  the  second  time  as  being  furnished  with 
hooked  spines,  and  the  young  rotifer  alive  within  the  egg  and  its  mastax  in  oper- 
ation; while  on  December  5th  the  writer  witnessed  a  Macrobiotb  ovipositing  in  its 
peculiar  style,  which  consists  of  depositing  a  dozen  or  more  rather  large  eggs  in 
the  posterior  portion  of  its  skin  and  frantically  scrambling  out  at  the  front  end, 
and  leaving  the  sack  for  the  use  of  its  young. 

The  first  animals  found  were  of  various  sizes,  last  February,  and  must  have 
occupied  the  position  in  which  they  were  discovered  for  several  months  at  least; 
and  to  test  their  capacity  for  withstanding  great  and  sudden  vicissitudes  of 
weather,  both  those  in  the  lichen  and  those  soaked  out  have  been  dried  within 
six  inches  of  a  gas  stove,  running  day  and  night  for  two  weeks,  and  a  portion  of 
the  Rotifers,  E^els,  Bear  and  Infusoria  resumed  life  after  soaking  five  to  ten  min- 
utes. The  thermometer  indicated  that  they  were  withstanding  the  temperature 
and  desiccation  of  75°  to  110°.  Some  of  those  washed  out  and  put  to  dry  (in  a 
teaspoonful  of  water)  were  resoaked  and  redried  four  or  five  times  at  intervals  of 
twenty-four  hours. 

Others  were  subjected  to  zero  temperature  for  2j  hours,  and  after  being 
thawed  over  a  gas  jet  a  few  Rotifers  and  Eels  were  resurrected  in  five  to  10  min- 
utes, but  no  Infusoria  appeared  to  have  withstood  the  ordeal. 

A  very  surprising  feature  of  the  survey  taken  is,  that  of  the  thousands  of 
minute  living  forms  forced  to  pass  in  review,  certainly  not  one  in  a  hundred 
were  of  such  as  are  commonly  regarded  as  lerreMrial.  Insects  were  mostly  repre- 
sented by  fragments. 

In  view  of  the  facts  cited  the  problem,  from  whence  came  these  myriads? 
may  not  be  solved,  but  it  does  seem  clear  that  the  *'(/*;rw-and-egg"  transportation 
theory  of  their  distribution  is  insufiicient. 


Notes  on  the  BioixxiicAL  Survey  of  Milan  Pond.     By  A.  J.  Bigney. 

Milan  Pond  is  situated  in  the  eastern  part  of  Ripley  Ck)unty,  one-fourth  mile 
east  of  the  village  of  Milan.  The  pond  is  an  artificial  one,  having  been  con- 
structed by  the  old  O.  <Sc  M.  Rtfilroad  in  1854  as  a  watering  station.  It  is  nearly 
one-half  mile  long  and  one-fourth  mile  wide.  Its  greatest  depth  is  twelve  feet. 
It  receives  water  from  four  small  streams,  but  is  drained  at  a  certain  height,  so 
that  it  keeps  at  the  same  stage  most  of  the  time,  except  in  dry  eeasons.  In  the 
summer  of  1895  it  would  have  gone  dry  had  not  the  railroad  company  kept  it 
supplied  with  transported  water.     This  is  the  only  time  it  has  been  very  low. 
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However,  there  was  sufficient  water  in  it  during  that  season  to  prevent  much  in- 
terference with  the  life  forms.     Since  then  the  life  has  been  just  as  abundant. 

Since  the  organization  of  the  Biological  Survey  of  Indiana  I  have  thought  it 
would  be  profitable  to  make  a  study  of  the  plants  and  animals  of  this  pond  in 
order  to  discover  the  forms  existing  and  to  note  any  change  in  the  organisms 
during  a  number  of  years  and  to  record  any  facts  of  interest  in  biological  lines. 

This  paper  makes  no  pretensions  of  being  exhaustive,  but  is  merely  intended 
to  be  preliminary,  for  I  have  not  had  an  opportunity  to  make  a  thorough  study 
of  the  forms  of  life. 

I.  Botany. — On  the  banks  of  the  pond  are  found  the  ordinary  hard-wood 
trees  of  Indiana  and  much  shrubbery,  such  as  the  elder,  willow,  hazel  and  gum. 
Many  of  the  smaller  Phanerogams  abound  on  the  margin,  but  very  few  occur  in 
the  shallow  waters.  The  pond  is  very  rich  in  algiv,  such  as  spirogyra,  zygnema, 
vaucheria,  oscillaria,  euglena,  diatoms,  desmids  and  kindred  forms.  No  clasisiiieil 
list  has  yet  been  made. 

II.  Animals. — Among  the  vertebrates  are  to  be  found  several  kinds  of  snakes, 
wild  ducks,  several  species  of  snipes,  frogs  in  great  abundance,  sun-fish,  cat-fish 
and  carj£j_^ The  insects  have  many  representatives.  The  Crustacea  are  really  the 
most  numerous.  Crayfish,  water-fieas,  ostracods,  copepods,  isopods,  and  amphi- 
pods  and  rotifers  are  almost  without  number.  Several  species  of  worms  occur, 
and  among  the  mollusks  physa,  limnseus  and  planorbls  are  quite  plentiful.  It  is 
the  best  place  for  hydra,  both  brown  and  green,  that  I  have  ever  found  anywhere. 
In  the  dry  seasons  the  pond  scums  are  almost  filled  with  them.  In  even  a  small 
handful  of  the  nlgse  I  have  found  more  than  a  hundred.  Among  the  porifera  is 
the  fresh-water  sponge,  spongilla.  This  is  the  only  place  that  it  has  ever  been 
found  in  this  section  of  the  State.  The  pond  is  also  rich  in  protozoans.  All  the 
forms  will  be  classified  and  described  during  the  coming  year.  The  pond  is  very 
valuable  for  laboratory  purposes. 


Suicide  of  a  Crow.     By  Stanley  Coulter. 

The  paper  reported  the  finding  of  the  body  of  a  crow  under  the  following  cir- 
cumstances :  The  head  of  the  crow  had  been  passed  between  the  trunk  and  a  strip 
of  the  bark  of  the  ordinary  shell-bark  hickory.  Its  withdrawal  was  prevented 
by  the  projections  of  the  occipital  bone.  The  protruded  tongue,  the  bulging 
eyes,  and  the  position  of  the  body  showed  that  death  had  occurred  by  strangula- 
tion. The  location  of  the  tree  in  an  unfrequented  portion  of  the  woods,  and  the 
fact  that  the  crow  was  suspended  much  above  the  reach  of  any  one  furnished  suf- 
ficient evidence  that  it  was  responsible  for  its  own  death. 
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The  Kandolph  Mastodon.    By  Prof.  Joe.  Moore. 


The  genus  Mastodon,  belonging  to  the  elephant  family,  began  a8  far  back  in 
time  as  the  miocene,  or  middle  tertiary,  and  continued  into  the  earlier  centuries 
-vi  the  present  epoch.  First  and  last  there  have  been  as  many  a.<*  twenty  known 
fpeeies,  distributed  about  as  follows:  Europe  nine,  Asia  five,  N.  America  four, 
&  America  two.  Remains  have  been  found  in  Australia  which  have  been  claimed 
Jbr  Mastodon,  but  naturalists  are  waiting  for  the  claim  to  be  better  substantiated. 
^*  The  species  known  to  N.  America  are,  M.  Aniericanus  (same  as  M.  giganteua 

r-  .■_ 

<V  ML  ohioticus)f  M.  obaew'usj  M.  productm  and  M.  murificus.  The  only  species 
Jonnd  in  Indiana  or  adjoining  states,  so  far  as  I  have  learned,  is  M.  Americanus, 
Thai  this  majestic  creature  once  trod  our  wilds  in  prehistoric  times,  roaming  in 
biards  from  Canada  to  the  Gulf,  feeding  on  the  prairies,  in  the  forest  jungles  and 
*'  Ofli  the  banks  of  lakes  and  streams,  often  getting  helplessly  and  fatally  mired  in 
4Hir  bogs — that  it  did  all  this  and  more  seems  to  be  quite  satisfactorily  evident. 

They  must  have  been  crowded  slowly  southward  before  the  great  ice  sheet, 
mnd  afterwards  followed  the  retreat  of  the  same  northward  that  they  might  pos- 
fleaa  the  land  in  company  with  the  Mammoth  and  other  great  beasts  during  the 
champlain  and  terrace  epochs  and  into  the  beginning  of  the  present. 

It  is  a  common  thing  to  find  Mastodon  remains.  Hardly  a  week  passes  but 
that  some  paper  near  or  far  reports  a  find.  Often  it  is  a  false  report,  but  probably 
oftener  it  has  some  foundation  in  fact,  even  if  the  discovery  be  but  a  grinder  or 
part  of  a  tusk. 

People  say  they  never  lived  in  herds  here  for  thousands  of  years,  or  with  all 
4he  digging  for  wells,  sewers,  cellars,  railroads  and  hundreds  of  other  things,  we 
wonld  be  finding  remains  every  few  hours.  There  were  millions  of  horses  in 
Indiana  previous  to,  say,  1860.  Now  send  out  a  company  of  explorers  to  find 
skeletons  of  horses  that  died  previous  to  said  year  and  see  how  many  they  will 
bring  in.  Bnt  it  is  far  from  common  to  find  the  skeleton  of  a  Mastodon  that  is 
^approximately  complete,  and  rarer  still  to  find  such  an  one  which,  on  drying, 
•does  not  crumble  to  bits. 

Near  twenty  years  since  a  farmer  struck  some  very  large  bones  and  a  tusk  two 
•or  three  miles  from  New  Paris,  Ohio.  A  number  of  the  bones  were  well  preserved. 
A  tusk  was  taken  out,  entire,  which  measured  near  eleven  feet  in  length  and  ten 
inches  in  diameter  at  base.  Such  a  tusk  would  seem  to  indicate  a  powerful  male 
•of  full  age.  On  drying,  for  want  of  proper  treatment,  this  majestic  specimen  went 
to  crumbs  and  splinters,  except  three  and  a  half  feet  of  the  outer  end.  The  other 
remains  consisted  of  a  pair  of  grinders,  half  a  dozen  vertebrse,  more  than  a  dozen 
19 
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ribs,  stumps  of  the  soapulie,  one  femur,  one  humerus,  the  lower  segments  of  the 
hind  legs,  the  main  part  of  the  sternum  and  a  few  feet  bones.  After  the  original 
purchaser  had  tried  the  show  business  for  a  time,  said  remains  were  secured  for 
Earl  ham  College. 

Some  eight  years  later  a  Mr.  Bookout,  near  I^)8antville,  Randolph  County, 
while  ditching  to  drain  a  small  bog  abounding  in  peat,  struck  the  major  part  of 
an  entire  skeleton,  which  almost  exactly  matched,  for  aize,  the  New  Paris  rem- 
nant. While  the  head  was  of  extraordinary  size,  the  tusks  were  but  moderate. 
The  pelvis  was  six  feet,  two  inches  across  and  ample  in  every  direction.  This  was 
most  likely  a  female.  In  prying  at  the  larger  parts,  the  head  and  pelvis,  to  re- 
move them  from  the  mud  they  parted,  each  into  a  number  of  pieces.  These,  on 
drying  for  years,  would  of  course  crumble  at  the  broken  edges.  These  massive 
fragments  of  head  and  pelvis  were  sent  to  Ward  &  Co.,  of  Rochester,  New  York, 
who  arranged  them  in  original  position,  and  so  welded  them  by  tilling  in  the  gaps 
that  only  an  expert  would  suspect  they  had  ever  been  in  fragments. 

The  Randolph  remnant,  in  a<ldition  to  the  head  and  pelvis,  gave  us  about  half 
the  vertebne,  both  scapuhe,  radius  and  ulna,  both  right  and  left,  one  good  femur, 
the  right,  a  majority  of  the  ribs,  and  near  a  bushel  of  feet  bones.  The  Randolph 
remnant  would  have  been  secured  when  first  taken  up  but  for  the  price.  By  wait- 
ing more  than  eight  years  it  shrank  to  less  than  a  quarter  the  original  standard. 

The  composite  skeleton  as  it  now  stands  was  mounted  by  the  curator  of  the 
museum,  assisted  by  a  very  efficient  student.  It  is  nearly  all  bone.  Both  rena- 
nants,  however,  furnished  but  one  humerus,  the  right.  The  lower  jaw  is  i)€rfect, 
with  all  the  grinders.  The  tusks  are  paper  but  are  moulded  exactly  after  orig- 
inals. A  tusk  of  the  Randolph  find  lies  on  the  platform,  but  was  too  heavy  in  its 
brittle  condition  to  mount.  Of  the  vertebra?,  including  those  of  the  neck,  body 
and  the  larger  joints  of  the  tail,  thirty-six  are  bone.  Of  the  thirty-eight  ribs  ail 
are  bone  but  three.  The  hind  legs  are  all  bone  except  the  fibula  on  the  right 
side.     The  sternum  is  bone. 

From  the  pedestal  to  the  top  of  the  highest  spine  is  eleven  feet,  less  half  an 
inch.  From  pedestal  to  crown  of  head  is  eleven  feet  two  inches.  From  pedestal 
to  summit  of  pelvis,  nine  feet.  From  sole  of  foot  to  top  of  scapula,  nine  feet, 
seven  inches.  From  forward  curve  of  tusks  to  backward  curve  of  tail,  twenty 
feet,  two  inches.  It  ranks  among  the  largest  of  known  mastodons.  Such  a  crea- 
ture when  alive  could  scarcely  have  weighed  less  than  ten  tons. 


279 


The  Increasing  Abundance  of  the  Opossum  (Didelphis  virqiniana  Shaw) 

IN  Northern  Indiana.     By  Albert  B.  Ulrey. 

[Abstbact.1 

During  the  past  year  my  attention  has  been  called  to  the  fact  that  an  unusual 
number  of  specimens  of  the  Common  Opossum  has  been  taken.  On  inquiry  I 
found  this  was  true  not  only  in  the  immediate  vicinity,  but  reports  from  other 
places  in  northern  Indiana  indicated  a  similar  increase  in  abundance.  The  past 
few  years  show  a  somewhat  progressive  advance  in  numbers. 


Temperature  of  Lake  Wawasee.     By  J.  P.  Dolan. 

One  of  the  problems  presente<l  in  the  study  of  the  temperature  was,  ^*  Does  a 
period  of  stagnation  obtain  for  any  considerable  period,  especially  during  the 
summer  months?'' 

It  will  be  seen  by  a  perusal  of  the  tables  and  charts  that  during  the  winter 
months,  when  the  lake  is  covered  with  ice,  that  there  is  only  a  slight  difference 
between  the  surface  and  bottom  temperatures,  but  that  during  the  summer  months 
there  is  much  difference.  What  was  only  conjectured  after  a  few  months'  observ- 
ation last  year  is  now  conclusively  shown,  namely,  that  no  condition  of  stagnation 
obtains  during  the  summer  and  autumn  months. 

It  will  also  be  seen  that,  notwithstanding  Lake  Syracuse  is  forty  feet  shallower 
than  Wawasee,  the  temperature  of  the  former  is  from  one  to  two  degrees  higher, 
both  top  and  bottom,  than  the  latter  during  the  summer  months. 
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Ice  Formation  Lake  Wawasee.     By  J.  P.  Dolan. 


In  the  season  of  1895-6  there  were  two  periods  of  ice  formation,  one  begin- 
ning December  3  and  terminating  December  20;  the  other  commencing  December 
31,  1895,  and  ending  March  29,  1896.  The  first  was  fullj  described  by  Mr.  D.  C. 
Ridgley  in  his  excellent  report  last  year  on  the  formation  of  ice,  its  effects  on  the 
shore  line,  and  other  kindred  subjects  relating  to  it,  so  that  there  is  but  little  left 
to  be  said  on  these  subjects  in  this  paper. 

From  December  31  the  ice  continued  to  thicken  till  March  IS,  when  the  maxi- 
mum thickness  of  fourteen  (14)  inches  was  attained,  although  there  were  brief 
periods  of  slight  diminution,  and,  besides,  the  last  three  inches  were  additions 
rather  than  regular  growth,  being  made  up  of  partly  melted  snows. 

After  the  13th  the  disintegration  was  rapid.  The  rate  of  decrease  from  day 
lo  day,  as  well  as  the  increase,  is  shown  in  the  accompanying  tables. 

South  and  southwest  winds  prevailed  from  24th  to  29th,  which,  together  with 
temperature  ranging  from  33°  to  62°,  swept  the  lake  clear  of  all  ice  just  four  days 
later  than  the  previous  year. 

March  8,  1896,  the  effects  of  the  expansion  of  the  ice  were  seen  at  their  maxi- 
mum. Ice  along  the  shore  at  Pickwick,  Kale  Island,  Epert's  Vawter  Park, 
Sharp'it  Bay  and  Wawasee  a  prominent  ridge  was  pushed  up,  reaching  in  many 
places  a  height  of  six  feet. 

The  force  was  most  noticeal)le  along  the  shore  at  Epert's,  where  for  two 
hundred  feet  riprapping  had  been  done  to  protect  the  low  sandy  and  gravely 
embankments.  This  was  all  pushed  back  several  feet  and  many  of  the  largest 
bowlders  lifted  clear  over  the  top  of  the  five-foot  ridge. 

Acro-iH  the  entrance  to  the  Qordonierre  the  effects  were  also  marked,  and  again 
at  Kale  Island,  though  in  less  degree. 

Photographs  of  these  places  were  secured  at  the  time. 

Prior  to  1893  the  largest  ice  cracks  observed  were  not  more  than  three  and 
one-half  inches  wide. 

On  January  18,  1896,  a  well  marked,  clean  cut  crevice  ten  inches  wide  and 
three  hundred  feet  long  was  seen  west  of  Blk.  Stump  Pt.  The  same  day  another 
four  and  one-half  inches  wide  and  five  hundred  and  fifty  feet  long  was  observed 
northwest  of  the  ten-inch  crack  just  mentioned. 

There  was  no  suggestion  of  conformity  to  shore  line  in  either  of  them;  neither 
was  there  any  similarity  in  their  trends. 

The  only  instance  in  which  the  cracks  bore  any  seeming  relation  to  the  shore 
line  was  on  lower  Wawasee  or  Syracuse  Lake,  where  a  series  of  six  wavy  cracks 


eighths  of  an  inch  wide,  about  twelve  inches  apart  and  one  hundred  feet 
pg,  were  formed  west  of  Weaver's  Point. 

In  some  instances  the  cracks  seemed  to  be  formed  by  an  impact  at  right 
to  the  field  as  if  some  subaqueous  cyclops  had  hurled  a  thunderbolt  against 
t  frozen  mass  and  sent  fractures  iii  all  directions  from  this  point  as  center. 

Off  the  Pickwick  shore  covering  a  large  atea  the  cracks  were  so  numerous  as 
•nggest  a  fine  intricate  mosaic.  This  will  to  some  extent  explain  the  readiness 
^^Sth  which  ice  eight  inches  thick  was  removed  by  the  wind  and  made  to  resemble 
Banish  in  a  few  hours  after  it  begins  to  move. 

January  27,  1896,  there  occurred  an  unusual  cracking  of  the  ice,  lasting  all 
bL^rj  and  far  into  the  night.     A  constant  bursting,  crashing  and  booming  pervaded 
whole  lake.     The  noises  suggested  the  crunching  of  heavy  falling  timbers  and 
hoarse  roar  of  distant  cannonading.    The  day  was  clear,  sun  shining  most  of 
time,  with  temperature  26  to  34  degrees.     The  next  day,  with  temperature  30 
32,  and  cloudy,  the  lake  was  as  silent  as  a  cemetery. 
After  several  days'  moderately  high  temperature,  during  the  last  week  of 
'ebruary  the  ice  was  well  honeycombed.     March  1st  the  temperature  lowered  to 
,  accompanied  by  a  high  north  wind  and  snow.     The  drifting  snow  was  driven 
^nto  the  cells  of  the  ice,  making  the  whole  field  resemble  a  fine  piece  of  oolite. 


The  Plankton  of  Turkey  Lake.*    By  Chancey  Juday. 

The  data  for  this  preliminary  report  were  collected  during  July  and  August, 
1896,  at  Indiana  University  Biological  Station.  To  Dr.  C.  H.  Eigenmann,  Director 
of  the  Biological  Station,  I  am  indebted  for  the  plan  of  the  net  and  for  many 
helpful  suggestions. 

Hensen,  who  is  the  author  of  the  term  ''plankton,"  applied  this  term  to  all 
plants  and  animals  which  are  found  Heating  free  and  which  are  carried  about 
involuntarily  by  winds,  waves,  tides  or  currents.  Haeckel  extended  the  applica- 
tion so  as  to  include  all  swimming  and  floating  organisms.  At  present,  however, 
those  organisms  that  are  not  subject  to  the  above-named  physical  forces  are  not 
considered  plankton,  and  they  shall  not  be  dealt  with  as  sncli  in  this  report. 

It  has  been  demonstrated  that  a  part  of  the  plankton,  the  Crustacea,  furnishes 
nearly  all  the  food  of  our  most  important  fishes  at  a  very  critical  period  of  their 
lives,  that  is,  while  they  are  very  young  fry  (Forbes,  1889).  This  makes  plankton 
a  very  important  factor  in  the  environment  of  these  fishes.  Its  scarcity  or  abund> 
ance  and  the  relative  amount  of  Crustacea  will  have  much  influence  upon  the 


*  Contributions  from  the  Zoological  Laboratory  of  the  Indinna  University  under  the 
direction  of  C.  H.  Eigenmann,  No.  19. 
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growth  and  development  of  the  yoang  fish.  The  plankton  of  Turkey  Lake  is  here 
considered  as  an  environment  rather  than  as  inclading  a  large  portion  of  its 
inhabitants.  As  yet  very  little  has  been  done  toward  classifying  the  various 
organisms  composing  it,  but  a  great  portion  of  it  is  crustaceans. 

The  net  used  in  determining  the  quantity  of  plankton  is  essentially  the  same 
as  those  used  by  Hensen,  Apstein  and  Reighard.  The  upper  part  consists  of  a 
truncated  cone  of  canvas,  supported  by  an  iron  framework.  The  diameter  of  the 
upper  or  smaller  end  of  this  cone  is  33.35  cm.  and  of  the  larger  or  lower  end  49  cm. 
The  slant  height  is  36  cm. 

The  net  proper  is  made  of  Dufour's  No.  20  bolting  cloth.  It  b  a  truncated 
cone  with  a  slant  height  of  86  cm.  The  larger  end  is  attached  to  the  iron  ring 
supporting  the  larger  end  of  the  canvas  cone.  To  the  smaller  end  is  fastened  a 
fiat  metal  ring  which  supports  the  bucket.  Three  ropes  attach  this  flat  metal  ring 
to  the  framework  of  the  canvas  cone.  This  relieves  the  net  proper  of  the  weight 
of  the  bucket.  A  twine  net  of  inch  mesh  surrounds  the  net,  serving  to  protect  it 
and  to  remove  as  much  strain  from  it  as  possible. 

The  bucket  is  a  metal  cylinder  6.5  cm.  in  diameter  and  7  cm.  deep.  A  flat 
metal  ring  is  attached  to  the  top.  Through  this  pass  three  binding  screws,  which 
fasten  the  bucket  to  the  ring  oil  the  bottom  of  the  net.  The  sides  of  the  bucket, 
except  three  narrow  strips,  are  cut  away,  making  three  openings,  30x50  cm. 
These  openings  are  covered  with  a  wire  gauze  which  has  77  per  cent,  of  its  surface 
solid  and  23  per  cent,  open  for  the  passage  of  water.  The  No.  20  bolting  cloth 
has  H3  per  cent,  of  its  surface  solid  and  only  17  per  cent,  open  for  the  passage  of 
water.  But  an  examination  of  water  strained  through  each  proved  that  the  wire 
gauze  is  as  effective  a  strainer  as  the  cloth,  and  when  water  rich  in  plankton  is 
forced  through  each  by  means  of  a  pii)ette  the  gauze  is  the  more  effective  strainer 
(Eigenmann,  1895).  The  bottom  of  the  bucket  is  cup-shaped  and  has  a  small 
opening  in  the  center.  Thb  opening  is  closed  by  a  rubber  stopper  through  which 
passes  a  short  glass  rod  that  enables  one  to  remove  the  stopper  conveniently. 
Three  legs,  each  10  cm.  long,  support  the  bucket. 

Three  ropes  radiating  from  an  iron  ring  are  attached  to  the  framework  of  the 
fan V as  cone  and  support  the  entire  net.  The  rope  which  is  used  in  drawing  the 
net  up  is  attached  to  this  iron  ring.  This  rope  is  measured  off*  into  feet  or  frac- 
tions of  a  meter,  so  the  depth  to  which  the  net  descends  can  be  determined  easily. 

The  plankton  boat  is  provided  with  a  swinging  derrick  in  the  stern.  In  the 
end  of  this  derrick  is  a  pulley  through  which  the  net  rope  passes.  The  derrick  is 
high  enough  to  allow  the  net  to  swing  clear  of  the  sides  of  the  boat,  so  that  the 
net  may  be  swung  into  the  boat  after  a  haul  has  been  made.     (£igenmann,  1895.) 
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In  making  a  haul,  the  net  is  lowered  slowly  at  first,  so  as  to  allow  it  to  fill 
with  water  that  has  filtered  through  the  bolting  cloth.  This  prevents  any  abnormal 
amount  of  plankton  which  might  occur  if  the  surface  water,  rich  in  plankton, 
were  allowed  to  fill  the  net  without  first  being  strained.  The  net  is  now  lowered 
to  the  desired  depth  and  hauled  in  hand  over  hand.  The  number  of  seconds  re- 
quired to  raise  it  to  the  surface  is  noted.  This  will  give  the  velocity,  and  from 
this  the  coefficient  of  the  net,  or  its  eflliciency  in  straining,  is  calculated.  The  net 
1%  now  raised  out  of  the  water,  and  while  the  process  of  filtering  is  going  on  some 
water  is  dashed  against  it  so  as  to  wash  down  any  organisms  that  may  be  lodged 
on  the  inside.  When  the  filtering  process  has  progressed  far  enough,  the  binding 
screws  are  loosened  and  the  bucket  is  removed.  Filtering  is  now  hastened  by 
gently  tapping  the  wire  gauze  with  the  hand.  As  soon  as  nearly  all  of  the  water 
has  filtered  out  the  bucket  is  placed  over  a  small,  glaas-stoppered  bottle  which 
will  hold  about  2o0cc.,  the  rubber  stopper  is  removed  and  the  contents  transferred 
to  the  bottle.  The  organisms  that  may  be  lodged  on  the  sides  of  the  bucket  are 
rinsed  into  the  bottle  with  filtered  water.  Enough  95%  alcohol  is  now  added  to 
the  contents  of  the  bottle  to  give  the  whole  a  strength  of  70%.  This  kills  and 
preserves  the  organisms  and  facilitates  the  work  by  eliminating  two  or  three 
steps  which  are  necessary  when  pome  other  killing  agent  is  used.  Besides,  the 
organisms  were  found  to  be  in  a  very  good  condition  for  qualitative  work  when 
killed  and  preserved  in  this  way. 

In  measuring  the  quantity  of  plankton,  a  centrifuge  manufactured  by 
Richards  &  Co.,  of  Chicago,  was  used.  This  is  preferable  to  letting  the  material 
settle  twenty-four  hours,  because  it  requires  less  time  and  puts  the  mass  into  a 
more  compact  form.  This  method  also  has  an  advantage  in  that  it  makes  the 
measurements  more  uniform.  If  there  is  a  large  amount  of  light  material  in  a 
haul,  this  will  not  settle  very  compactly  in  twenty-four  hours,  consequently  the 
volume  will  be  l^rge.  On  the  other  hand,  another  haul  may  have  a  greater  mass 
of  material,  but  not  yield  such  a  large  volume,  because  it  is  composed  of  material 
that  will  settle  more  compactly  in  the  twenty-four  hours. 

Each  bottle  is  permitted  to  stand  an  hour  or  so  after  it  is  taken  to  the  labora- 
tory'. Some  of  tlie  alcohol  may  then  be  removed  without  danger  of  losing  any  of 
the  plankton.  The  remaining  material  is  shaken  up  and  poured  into  a  graduated 
cylinder.  The  bottle  is  carefully  rinsed  and  the  rinsings  added.  The  material  is 
now  thoroughly  stirred  with  a  small  glass  rod,  so  as  to  distribute  the  organisms 
equally  throughout  the  liquid.  The  two  sedimentation  tubes,  which  are  gradu- 
ated to  tenths  of  a  cubic  centimeter,  are  filled  and  placed  in  the  metal  cases  of 
the  centrifuge.  The  drive  wheel  is  turned  through  50  revolutions  and  the  tubes 
are  permitted  to  stand  a  few  minutes  so  that  the  few  small  organisms  that  may 
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still  be  floating  in  the  liquid  may  settle  to  the  bottom;  50  more  revolutions  are 
given  and  the  quantity  of  plankton  is  recorded.  In  all  the  measurementA  given 
in  the  table  below  only  from  20^^  to  50%  of  each  haul  was  actually  measured.  As 
a  check  upon  this  method  several  hauls  were  estimated  and  then  the  entire  quan- 
tity measured.  The  difierences  were  so  slight  that  they  might  be  accounted  for 
by  the  small  quantity  of  sand  that  is  nearly  always  present.  This  would  settle  to 
the  bottom  of  the  graduated  cylinder  i{uickly,  and  would  not  be  included  when 
only  a  part  of  the  haul  is  measured. 

One  revolution  of  the  drive  wheel  of  the  centrifuge  causes  31  j  revolutions  of 
the  sedimentation  tubes,  and  a  hundred  revolutions  of  the  drive  wheel  are  made 
in  one  minute.  Thus  in  each  oase  the  plankton  is  subjected  to  3,150  revolutions 
per  minute,  which  is  equivalent  to  a  centrifugal  force  of  about  391,680  dynes. 
In  order  to  compare  these  results  with  those  obtained  by  letting  the  material 
settle  twenty-four  hours,  eight  measurements  were  made  by  both  methods.  These 
show  that  the  (juantity  obtained  by  the  centrifuge  is,  on  an  average,  only  one-fifth 
of  the  quantity  obtained  by  the  other  method.  So  it  must  be  borne  in  mind  that 
the  results  tabulated  below  must  be  multiplied  by  five  in  comparing  them  with 
results  obtained  by  letting  the  material  settle  twenty-four  hours. 

The  quantity  of  plankton  taken  at  each  haul  does  not  represent  the  entire 
quantity  in  the  column  of  water  through  which  the  net  passes.  Some  of  the  water 
will  be  forced  aside  and  the  amount  thus  forced  aside  depends  upon  the  velocity 
of  the  net.  (Reighard,  1893. )  That  is,  when  the  net  is  raised  at  a  velocity  of  about 
77  cm.  per  second,  it  will  strain  only  half  the  column  of  water.  In  this  case,  to 
get  the  entire  quantity  of  plankton,  the  amount  taken  must  be  multiplied  by  two 
which  is  the  co-efficient  of  the  net  for  this  velocitv.  If  the  net  is  drawn  slower 
more  water  is  forced  aside,  hence  a  greater  co-efficient.  By  plotting  the  results 
obtained  by  using  the  co-efficient  for  the  observed  velocity  and  that  for  the  aver- 
age velocity  of  the  sixty  hauls,  it  was  found  that  the  two  curves  differ  very  little 
except  in  two  places  and  these  represent  hauls  in  which  the  velocity  is  very  low. 
So  it  was  deemed  best  to  use  the  average  velocity,  03..-)  cm.  per  second,  in  com- 
puting results.     The  co-efficient  of  the  net  for  this  velocity  is  2.215. 

Also,  to  find  the  (juantity  of  plankton  under  one  square  meter  of  surface 
another  calculation  is  necessary.  The  area  of  the  top  of  the  net  is  873.5  sq.  cm. 
or  a  little  less  than  one-eleventh  ot  a  sq.  lu.  (fi^io)  Thus,  the  quantity  taken 
multiplied  by  the  co-efficient  of  the  net  (2.215)  and  this  by  11.448,  or  a  total  of 
25.357,  will  give  the  amount  of  plankton  under  one  sq.  m.  of  surface.  This  result 
divided  by  the  depth  of  the  haul  will  give  the  quantity  of  plankton  per  cu.  m.  of 
water. 

The  tabulated  results  of  the  sixty  hauls  are  as  follows: 
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In  the  table  the  stations  are  indicated  by  Roman  numerals  and  the  number 
of  the  haul  by  Arabic.     The  other  points  are  self-explanatory. 

The  twenty-one  stations  are  quite  widely  distributed,  as  the  accompanying 
map  will  show,  so  as  to  include  as  many  of  the  various  conditions  as  possible. 
To  see  whether  local  variations  atiect  the  distribution  of  plankton,  two  or  more 
hauls  were  made  at  the  same  station  as  nearly  under  the  same  conditions  and  in 
as  quick  succession  as  possible.  Following  Apstein,  the  mean  for  the  hauls  thus 
made  is  taken,  and  the  per  cent,  of  variation  of  each  haul  from  this  mean  is  cal- 
culated.    The  results  are  shown  in  the  following  table : 


NUMBER  OF 
HAUL. 


Depth  of  Uaul. 


Volume  per  Sq.  in. 
of  Surface. 


AVKRAGK. 


III.. 
II,.... 
II,. ... 
II4 .... 
II,.... 
III..... 
III3.. 
III4  .. 
III... 
IVi... 
V,    . 
IV3    .. 

VI»    .. 
VI,... 

x::::: 

XI,  ... 
XI, ... 
XII,. 
XII,.. 

XIIIx. 

XIII.. 

XIII3. 

XIII » 
XVI  It 
XVII, 
XX.. 

XXI, 
XXI, 


6X^ 

6.09 

6X)9 

3.(H 

3.04 

3.(H 

3.01 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6.09 

6i)9 

6.09 

6.09 

1.37 

1.37 

6.09 

6.09 

3.04 

3.04 

2.1 

2.1 

6J)9 

609 

6.09 


96.89 

1I9J88 

83.67 

131.09 

106.38 

50.33 

53.56 

P6.19 

69.50 

79J24 

62.75 

82.08 

67.77 

120.19 

107.04 

99J27 

89.73 

148.33 

97.87 

107.51 

56^7 

55.15 

165.82 

137.66 

131i22 

91.28 

86.53 

70.04 

124.24 

118.86 

164.82 

116.48 

114.10 

104  38 

45.64 

60.78 

4:^.36 

48.55 


100.81 

118:23 
51.94 
77.34 

7256 


113.61 
84.5 

117.9 

55.86 
151.44 
111.25 

78.28 
121^ 
140.65 
109.24 

53.21 

45.95 


'  Per  cent,  of 
Variation 
flromAver- 
ajre. 


! 


1.9 
15.9 
20.4 

93 
12.1 

3.1 

3 

9.2 
11:2 

7J9 
16:2 
11.1 

7.6 

5.4 

6.1 
14.8 
21.1 
25.1 
20.4 

9.6 
J2 
.12 

8.3 
10 
15.2 
21 J8 

9.5 
11.7 

2.1 

2.2 

20.7 
4.2 
4.6 
16w5 
12.4 
5.9 
5.3 


Thus  9  hauls  vary  between  .12  per  cent,  and  5  per  cent. ;  12  between  o.l  and 
10;  7  between  10.1  and  15;  4  between  15.1  and  20,  and  5  between  20.1  and  25; 
I  haul  varied  25.1  per  cent. 
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Eighty- four  per  cent,  of  the  38  hauls  do  not  vary  more  than  20  per  cent  and 
only  one  over  25  per  cent.  This  variation  is  slightly  greater  than  in  the  results 
obtained  by  Apstein  and  Reighard. 

Station  IV  was  selected  for  the  purpose  of  studying  changes  in  distribution 
from  day  to  day  by  making  daily  hauls,  but  this  plan  was  not  carried  out.  How- 
ever, five  hauls  were  made  here  in  July  and  eight  in  August  at  a  depth  of  six 
meters.  Those  made  in  July  have  an  average  of  12.26  cc.  of  plankton  per  cu.  m. 
of  water,  while  the  eight  made  in  August  have  an  average  of  1().8()  cc.  per  cu. 
m.  of  water.  This  increase  of  4.6  cc.  is  due  to  the  natural  seasonal  variation,  as 
Apstein  ( 1892)  found  that  there  is  a  rapid  increase  in  the  quantity  of  plankton 
during  August  and  September,  reaching  a  maximum  about  the  1st  of  October. 

Turkey  Lake  is  comparatively  rich  in  plankton.  Dobersdorf  See,  which  is 
classed  as  '* plankton  rich"  by  Apstein,  contained  in  July,  1892,  1,062  cc.  of 
plankton  under  one  sq.  m.  of  surface  at  a  depth  of  20  m.,  or  03  cc.  per  cu.  m.  of 
water.  One  haul  (III)  in  Turkey  Lake,  July  2,  shows  that  it  contained  348.6 
(69.73x5)  cc.  under  one  sq.  m.  of  surface  at  a  depth  of  nearly  20  m.,  or  18.15  cc. 
per  cu.  m.  of  water.  Thus  Dobersdorf  See  contained  not  quite  three  times  as 
much  plankton.  In  comparison  with  other  North  American  lakes,  Turkey  Lake 
has  from  thirty  to  fifty  times  as  much  plankton  in  August  as  Reighard  (1893) 
found  in  Lake  St.  Clair  in  September,  and  from  fifteen  to  twenty  times  as  much 
as  Ward  (1894)  found  in  Lakes  Michigan,  Round  and  Pine  at  the  same  depths 
and  during  the  same  month,  August. 

A  surface  stratum  about  three  meters  deep  contains  most  of  the  plankton  of 
Turkey  Lake.  The  average  number  of  cc.  per  cu.  m.  of  water  for  the  ten  hauls 
made  at  a  depth  of  three  meters  is  36.4,  for  thirty-one  hauls  made  at  a  depth  of  six 
meters  it  is  14.8.  By  means  of  a  pump,  a  piece  of  rubber  hose,  and  a  small  net 
of  No.  20  bolting  cloth,  it  was  found  that  very  few  organisms  live  below  a  depth 
of  six  meters  and  scarcely  any  but  Oligochetes  below  fifteen  meters.  Three  hauls 
(III^,  IVg,  XX3)  present  some  difficulties  which  are  still  unexplained.  They  are 
hauls  from  a  depth  greater  than  six  meters,  and  show  a  smaller  quantity  of  plank- 
ton actually  taken  than  hauls  made  just  before  or  immediately  after  at  a  depth  of 
six  meters.  This  difficulty  was  not  noticed,  however,  in  time  to  make  further 
hauls  in  the  same  manner  to  see  if  an  explanation  might  be  found.  The  unusu- 
ally large  quantity  taken  in  hauls  XIV  and  XV  is  probably  due  to  a  local  accumu- 
lation, as  the  wind  on  the  previous  day  was  of  such  strength  and  from  the  proper 
direction  to  cause  such. 

To  sum  up — 

1.     The  plankton  of  Turkey  Lake  is  quite  uniformly  distributed. 
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2.  It  is  the  richest  in  plankton  of  any  of  the  North  American  lakes  which 
have  so  far  been  examined,  and  compares  favorably  with  what  are  termed  *'  plank- 
ton rich''  lakes. 
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Physical  Survey  of  Lakes  Tippecaxok,  Eaijle,  Webster  and  Cedar.     By 
Thomas  Large,  Assisted  by  C.  O.  «&  A.  D.  Fisher. 

The  method  of  measurement  in  this  work  was  the  same  as  that  employed  by 
Messrs.  Juday  and  Ridgley  and  myself  last  year  in  the  survey  of  Turkey  Lake, 
differing  only  in  an  attempt  to  follow  such  established  lines  as  section  lines,  quar- 
ter and  half-section  lines,  which  are  usually  indicated  by  farm  fences,  and,  there- 
fore, can  be  readily  found,  and  are  thus  permanently  marked.  Profiting  by  the 
experience  of  the  previous  year,  we  made  but  few  cross  lines,  as  they  are  very 
confusing,  particularly  when  made  in  rough  weather. 

Three  of  the  lakes  sounded  this  year  are  parts  of  the  Tippecanoe  drainage 
system— that  river  fli)wing  through  Lakes  Webster  and  Tippecanoe,  and  being  con- 
nected with  Eagle  Llake  by  a  small  stream.  Cedar  Lake  has  for  its  outlet  a  small 
stream  flowing  to  the  Kankakee  Kiver.     Of  these  lakes  Tippecanoe  is  the  largest, 
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least  knowQ  and  retains  most  nearly  its  primitive  condition.  No  damming  or 
draining  have  in  any  way  affected  it.  The  principal  alterations  by  man  being  the 
removal  of  the  largest  trees  from  its  shores  for  lumber,  and  clearing  of  eight  tracts 
for  farming,  which  border  it  in  its  twelve  and  three-fourths  miles  of  shore  line. 
Did  we  know  that  the  government  surveyors  in  1834  had  followed  the  shore  faith- 
fully, we  could  now  draw  some  conclusions  of  value  concerning  the  rapidity  with 
which  this  basin  is  filling.  I  have  good  reasons  to  believe,  however,  that  those 
surveys  can  not  be  depended  on  for  such  work.  The  area,  as  computed  for  the 
lake  by  the  '' weighing  method  *'  used  last  year,  is  1.41  square  miles. 

The  amount  of  marsh  land  about  the  shore  is  very  much  less,  comparatively, 
than  that  about  Turkey  Lake.  This  may  be  accounted  for  by  the  fact  that 
Tippecanoe  lies  in  the  middle  of  a  system  rather  than  at  the  head,  as  in  the  case 
of  the  former.  The  low  wooded  hills  come  quite  close  to  this  lake  at  almost  all 
points  excepting  the  eastern  end  on  the  north  and  south  sides.  It  is  in  three 
basins:  James  Lake,  of  about  a  half  square  mile  area  at  the  east  end  connected  by 
a  channel  through  swamp  to  the  main  lake,  which  is  of  about  one  and  one-half 
square  mifes  in  area,  aud  Oiwego  Lake,  below,  also  connected  by  a  channel,  and 
having  an  area  of  about  thirty  acres.  The  channels  are  usually  about  four  feet 
in  depth  and  are  much  frequented  by  minnows  and  young  fish.  Here  and  in  the 
mouths  of  streams  are  found  the  pond-lily  plants  (Nymphea)  and  spatter-dock 
{Naphur)y  the  root-stalks  being  in  many  instances  four  or  five  inches  in  diameter 
and  usually  washed  bare  and  shining.  They  were  roasted  and  used  for  food  by 
the  Indians;  remains  of  pits  lined  with  boulders  and  used  for  this  purpose  are  yet 
found  on  the  south  shore  near  **  Indian  Furnace  Point." 

This  lake  being  greater  in  general  depth  (the  greatest  depth  found  is  121  feet 
in  the  main  lake)  than  any  of  the  others,  Turkey  included,  has  less  of  the  aquatic 
vegetation  than  they.  Bullrushes  and  bladderwort  f  Utricularia)  not  seeming  to 
thrive  in  water  more  than  eight  or  ten  feet  in  depth,  and  these  are  usually  the 
advance  guards  of  the  vegetable  encroachments. 

Eagle  Lake  being  second  of  those  under  consideration  in  general  depth  stands 
next  to  Tippecanoe  fewest  in  water  plants.  As  Prof.  8.  Coulter  is  investigating 
the  conditions  of  life  there  I  gladly  leave  that  in  his  hands. 

The  measurements  of  Eagle  Lake  are  as  accurate  as  those  of  the  others,  but 
owing  to  a  flood  at  the  time  the  work  was  done  much  that  would  be  of  interest  was 
inaccessible.  It  will  be  noticed  from  the  map  that  the  lake  consists  of  a  main 
body  of  water  of  almost  a  square  mile  in  area  and  a  small  bay  on  the  west  side 
connected  by  a  shallow  channel.  The  outlet  is  a  small  stream  from  the  south  end 
of  this  bay.     Two  creeks  and  several  springs  on  the  east  shore  contribute  water  to 
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this  lake.  The  amount  of  marshy  land  is  small,  lying  principally  at  the  south- 
east end  near  the  outlet. 

The  margin  of  the  lake,  according  to  the  government  survey  (1834),  is  at 
some  distance  from  the  present  shore  line,  but  I  am  inclined  to  think  that  that 
only  marked  the  edge  of  marshy  ground,  since  at  many  points  within  this  line  are 
quite  large  trees  growing.  I  have  not  been  able  to  obtain  accurate  information 
concerning  this  matter.  The  greatest  changes  made  in  the  form  of  this  lake  are 
by  the  construction  of  a  race-track  by  filling  in  a  part  of  the  lake  on  the  east  side 
and  excavation  of  a  canal  from  the  northwest  part  of  the  bay  to  a  point  near  the 
railroad  depots.  We  are  indebted  to  the  members  of  the  Winona  Summer  School 
for  boats  for  our  work  and  admission  to  the  grounds  at  the  time  we  were  making 
soundings.     The  area  is  .987  square  mile. 

Webster  Lake  has  been  more  changed  than  either  of  the  others  by  human 
agencies.  It  was  formerly  a  group  of  two  or  three  lakes  of  about  thirty-five  feet 
at  their  deepest  point,  lying  in  the  positions  indicated  by  the  dotted  lines  on  the 
accompanying  map,  surrounded  by  a  marsh  of  about  the  extent  of  the  present 
lake.  A  dam  was  constructed  for  water  power  for  a  Houring  mill,  and  {his  raised 
the  water  to  seven  feet  above  its  former  level.  In  the  north  part  of  the  lake  nu- 
merous stumps  of  various  sizes  indicate  the  position  of  a  shore  line.  *^The  Back- 
water" was  entirely  produced  by  this  dam.  The  total  area  at  present  is  1.0o7  sq. 
miles. 

This  lake  presents  a  greater  diversity  than  either  of  the  others;  being  shallow,  it 
has  great  abundance  of  water  plants,  the  **  Backwater"  being  literally  crowded  with 
splatterdock  and  pond  lilies.  It  has  eight  wooded  islands  and  shore  with  variety 
of  meadow,  wood,  marsh  and  hill.  On  the  shore  also  is  a  variety  in  vegetation. 
The  edge  of  the  backwater  in  many  places  is  crowded  with  cat-tails,  while  a  bog 
of  about  five  acres  in  extent  at  the  most  northern  part  of  this  bay  was  covered 
with  pitcher  plants  [Sarracenia  pHrpurea)^  and  on  a  ridge  somewhat  farther  east 
was  found  a  considerable  diversity  of  fungus  growth.  The  marsh  at  the  north- 
east part  of  the  main  lake  was  peculiar  because  of  the  height  of  the  quaking, 
grass-grown  bog.  In  two  places  it  was  almost  twelve  feet  in  height  and  quite  near 
the  lake.  Lying  behind  this  was  bog  lower  than  that  mentioned.  I  can  not  ac- 
count for  this  formation  satisfactorily,  unless  it  is  caused  by  powerful  springs  of 
water  beneath  making  deposits  there. 

An  instance  where  springs  have  built  up  bog  to  a  greater  height  is  to  be  seen  at 
the  northeast  of  *'the  backwater"  on  either  side  of  a  gravelly  ridge,  but  here  the 
wat^r  may  follow  the  ridge  out  from  the  higher  ground. 

A  noticable  thing  about  all  of  the  Tippecanoe  lakes  in  contrast  to  the  Turkey 
Lake  is  the  amber  appearance  of  the  water,  given,  perhaps,  by  the  bogs  from 
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whence  it  Hows.  In  Turkey  Lake  the  water  has  a  clear,  almost  greenish  a]>pear- 
ance.  The  measurements  of  iiiHow  and  outflow  taken  will  have  no  value,  because 
of  the  swollen  condition  of  the  streams  at  the  time  they  were  taken. 

Cedar  Lake  (or  Clear  Lake  of  the  Government  Surveys,  also  "The  Lake  of 
the  Red  Cedars'')  is  a  shallow,  regular  body  of  water  having  a  more  than  ordi- 
narily uniform  slope  of  basin,  and  in  no  place  exceeding  twenty  feet  in  depth. 
About  its  shores  are  wooded  hills  which  in  almost  every  part  come  very  near  the 
shore,  the  south  end  excepted.  Here  there  is  some  marshy  land.  At  the  north 
end  the  hills  reach  a  height  of  sixty  feet.  They  are  a  part  of  the  moraine  which 
separates  the  Mississippi  and  St.  Lawrence  valleys.  Within  a  fourth  of  a  mile 
from  the  north  end  of  the  lake  is  a  narrow  ridge  loO  feet  in  length,  30  feet  wide 
and  8  feet  high,  in  appearance  very  like  a  railroad  embankment,  which  crosses  a 
narrow  hollow  and  divides  the  waters  which  flow  into  these  two  systems.  To  the 
north  of  it  is  a  swamp  of  perhaps  flfty  acres  in  extent,  extending  to  the  ridge. 
On  the  south  side  a  narrow  channel  twenty  feet  in  width,  choked  with  grasses, 
etc.,  but  still  with  stagnant  water  in  it,  starts  a  few  feet  from  it;  further  down  the 
soil  has  washed  in  and  closed  it,  except  for  a  narrow  stream.  The  whole  appear- 
ance of  the  ridge  is  that  it  is  very  recent  formation,  but  I  am  informed  it  was 
there  when  the  white  men  came.  The  moraine  at  the  north,  the  appearance  of  a 
wide  valley  to  the  southward  and  the  shallowness  of  the  lake  make  the  conclusion 
almost  irresistible  that  this  lake  basin  has  been  formed  by  the  washing  of  the 
water  of  the  melting  glacier  which  has  rest«*d  on  the  north  of  it,  as  the  water 
found  its  way  to  the  Kankakee.  The  present  outlet  is  by  a  small  stream  flowing 
past  the  town  of  Lowell  to  the  southeast  into  the  Kankakee. 

The  ice  beaches  on  this  lake  are  larger  than  those  of  any  other  I  have 
noticed.  On  the  north  is  a  ridge  of  sand,  probably  formed  in  this  way,  1,000  feet 
long,  35  feet  wide,  and  about  7  feet  high  in  the  highest  part.  On  the  east  side  are 
two  others,  but  much  less  conspicuous.  The  bottom  of  the  lake  is  generally  sand. 
Vegetation  is  less  abundant  than  generally  in  the  shallow  lakes  in  the  eastern 
part  of  the  State.  The  muskrat  is  very  abundant,  building,  according  to  its 
habit,  reed  houses  in  the  fall  in  great  numbers  at  a  little  distance  in  the  lake. 
At  the  northwest  side  near  the  end  of  the  great  sand  ridge  was  found  an  Indian 
mound.  This  had  been  opened  and  a  number  of  skeletons  found  in  it.  On  top 
of  it  grew  formerly  an  oak  tree  showing  almost  200  ** growth  marks." 

I  am  under  obligations  to  Rev.  Timothy  Ball,  of  Crown  Point;  Dr.  Herbert 
S.  Ball,  of  Crown  Point;  Mr.  A.  I).  Fisher,  of  Indiana  University,  and  the  Mo- 
non  Railroad  Company  for  valuable  assistance,  information,  etc.  My  report  of 
this  lake  would  be  very  meager  indeed  had  I  not  received  the  assistance  from  the 
gentlemen  at  Crown  Point. 


InS(f.6.7,a.aiB.IT»i8^Tp,33H..R7£,»-l.«.«,M.(         "^ 
T^33N.R6,E^I:>1. 
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The  Destruction  of  a  School  of  Blue  Gili^.     By  Thomab  Lar(;e. 

On  August  14,  18%,  Mr.  A.  J.  Chapman,  while  standing  on  the  bridge  across 
the  channel  between  the  main  lake  and  the  backwater  bay  of  Webster  Lake, 
noticed  immense  schools  of  Blue  Gills  (Lepominf  Pallidum) — among  which  were 
but  very  few  other  fish — passing  toward  the  main  lake.  On  the  days  just  preced- 
ing this  the  temperature  had  risen  the  highest  of  any  other  period  of  the  sum- 
mer, and  Mr.  Chapman  states  that  the  water-gates  of  the  grist  mill  at  Boston,  Ind., 
a  few  miles  up  the  Tippecanoe  River,  had  been  closed,  and  caused  the  water  be- 
low to  fall  to  a  lower  level  than  usual.  None  of  the  water  of  this  part  of  the  lake 
is  more  than  five  or  six  feet  in  depth,  and  much  of  it  much  shallower.  The  wa- 
ter became  very  much  heated,  and  if  this  is  the  correct  explanation  of  this  move- 
ment, these  fish  can  not  endure  a  great  change  in  temperature,  hence  migrated  to 
the  deeper  water  below.  By  opening  the  water-gates,  a  current  being  re-estab- 
lished and  the  lake  rising  to  its  usual  level,  the  fish  attempted  to  return  to  their 
usual  feeding  ground,  and  a  large  part  of  them  lost  their  way  in  the  lily-pads  and 
spatterdock  which  line  either  side  of  the  narrow,  winding  channel,  and,  coming 
into  the  shallow  water  near  the  shore  on  the  east  side,  just  below  the  bridge,  were 
killed  by  the  great  heat  of  the  water  there. 

Four  days  later,  when  I  visited  this  place  and  found  the  dead  fish  and  re- 
ceived the  substance  of  the  above  explanation  from  Mr.  Chapman,  the  margin  of 
the  lake  for  about  ten  rods  was  thickly  covered  with  dead  fish.  Among  them,  as 
before  stated,  were  very  few  other  fish — one  or  two  bass  and  a  catfish  being  all 
that  I  found.  There  was  a  considerable  uniformity  in  size,  ranging  from  three  to 
five  or  six  inches  in  length.  They  had  been  tly-blown,  and  were  almost  entirely 
destroyed,  excepting  bones,  scales  and  skin,  and  the  road  at  a  distance  of  a  dozen 
feet  was  literally  covered  with  maggots.     The  stench  was  great. 

I  have  no  better  explanation  to  offer  than  the  one  given  above,  but  noticed 
on  entering  the  channel,  almost  a  half  mile  below,  a  film  on  the  water,  such  as 
one  sees  where  organic  matter  decays,  and  noticed  an  odor  different  from  that 
near  the  fish.  In  the.  water  were  masses  of  decaying  bladderwort  (  Utricuiaria  ml- 
//artV),  which  might  have  been  killed  by  the  heat,  and  its  presence  in  the  water 
might  have  caused  the  migration. 
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The  Fovea.     By  J.  R.  Stomakeb. 

In  a  brief  discnssion  of  a  subject  like  this  one  can  but  touch  upon  a  few  of 
the  many  interesting  and  important  points  which  present  themselves  in  a  careful 
stndy.  The  following  is  mainly  an  abstract  of  a  paper  that  will  appear  soon  in 
a  number  of  the  ''Journal  of  Morphology"  under  the  heading  of  "A  Compara- 
tive Study  of  the  Area  of  Acute  Vision  in  the  Vertebrates,"  to  which  any  one  is 
referred  who  may  desire  a  more  thorough  and  systematic  treatise  on  this  subject. 

The  term  Fovea  comes  from  the  Latin,  and  means  a  pit  or  depression.  It  is 
in  this  sense  that  I  have  used  it,  and  not  as  the  point  of  acute  vision  in  any  eye. 
The  significance  of  this  statement  will  be  readily  seen  when  you  consider  the  fact 
that  many  animals  do  not  possess  such  a  pit  or  fovea,  but  do  have  an  area  of 
most  acute  vision.  However,  when  a  fovea  is  present  it  is  the  point  of  most 
acute  vision. 

Before  giving  a  minute  description  of  the  fovea  a  few  words  concerning  its 
embryological  development  may  be  desirable. 

J.  H.  Chievitx,  a  German  investigator,  has  done  a  great  deal  on  this  subject. 
He  finds  that  there  is  first  developed,  in  the  place  where  the  fovea  afterwards 
appears,  a  thickening  of  the  retina.  This  thickening  he  terms  the  "Area  cen- 
tralis." It  is  present  in  the  human  foetus  about  the  sixth  month,  after  which 
time  the  fovea  begins  to  appear.  This  increase  in  thickness  is  due  largely  to  an 
accumulation  of  cells  in  three  layers,  viz.:  the  nerve  cell  layer  and  the  inner 
and  outer  nuclear  layers.  Then  follows  a  gradual  pitting  in  of  the  vitreal  sur- 
face, due  to  a  thinning  out  or  pushing,  toward  the  periphery  of  the  elements  of 
all  the  layers  of  the  retina  excepting  the  rod  and  cone  and  the  pigment  layers. 
This  development  has  proceeded  in  some  animals  only  to  the  formation  of  an 
area,  in  others  to  a  very  shallow  fovea ;  while  many  have  a  very  deep  and  well- 
defined  depression.  In  a  very  shallow  fovea  all  the  layers  may  be  present  in  the 
center,  though  somewhat  thinner;  but  in  the  center  of  a  deep  fovea  some  of  the 
layers  will  be  entirely  absent,  and  those  which  remain  very  much  reduced,  ex- 
cepting, of  course,  the  rod  and  cone  and  the  pigment  layers.  The  layer  which 
disappears  first  is  the  nerve  fibre  layer.  Then  follow  the  nerve  cell  layer,  inner 
molecular  layer,  inner  nuclear  layer,  and,  in  a  very  deep  fovea,  the  outer  molec- 
ular and  nuclear  layers  may  also  be  wanting.  This  is  readily  seen  in  the  fovete 
of  the  turkey,  pigeon,  robin,  hawk  or  human.  We  thus  have  a  fovea  developed 
which  is  always  surrounded  by  an  area,  or,  in  the  terms  of  human  physiology,  a 
macula  lutea. 
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As  one  approaches  the  fovea  the  rods  and  cones  have  less  diameter,  and  are 
more  numerous  per  given  area.  This  necessitates  an  increase  in  the  number  of 
cells  which  form  the  connection  with  the  nerve  fibres  (ganglion  or  nerve  cells  and 
cells  of  the  inner  and  outer  nuclear  layers).  But  this  is  not  the  only  cause  far 
an  increase  in  number  of  these  cells.  Raymon  y  Cajal  has  carefully  worked  ooi 
the  manner  in  which  these  cells  form  the  connection  between  the  rods  and  the 
cones  and  the  nerve  fibres.  In  general,  processes  pass  outward  (dendrites)  from 
the  ganglion  cells  and  branch  profusely  among  the  ingoing  processes  (neurites) 
from  the  cells  of  the  inner  nuclear  layer.  A  similar  relation  obtains  in  the  outer 
molecular  laver  between  the  dendrites  and  the  neurites  of  the  cells  of  the  inner 
and  outer  nuclear  layers.  Each  ganglion  cell,  and  consequently  each  nerve  fibre, 
comes  in  contact  with  from  ten  to  thirty  rods  or  cones.  But  in  the  region  of  the 
area  the  dendrites  and  neurites  of  these  cells  branch  less  and  finally  reach  that 
condition  in  the  center  of  the  fovea  where  each  ganglion  cell  is  in  contact  with 
but  a  single  cone. 

In  the  peripheral  part  of  the  retina  the  rods  generally  exceed  the  cones  ia 
number,  but  as  one  approaches  the  area  or  fovea  the  cones  become  more  numer- 
ous, and  finally  in  the  center  of  the  fovea  the  rods  are  entirely  wanting. 

The  fovea  varies  greatly  in  form,  number  and  position  in  different  animals. 
It  varies  from  a  very  questionable  depression  found  in  the  domestic  guinea  hea 
to  a  very  sharp  and  deep  funnel-like  pit  found  in  most  birds,  especially  birds  of 
prey,  and  in  many  lizards.  The  depression  may  be  very  broad,  as  seen  in  man 
and  some  fishes;  or,  according  to  Chievitz,  we  may  have  a  trough-like  fovea  of 
various  depths,  extending  horizontally  across  the  retina.  In  my  researches  I 
have  not  been  able  to  find  such  a  fovea.  It  is  true  that  in  many  birds  I  have 
seen  what  appears,  to  the  unaided  eye,  to  be  a  trough-like  depression,  but  when 
sections  were  made  across  such  a  region  and  examined  microscopically  such  a 
fovea  was  not  discerned.  I  have  been  able  to  examine  but  one  of  the  species 
which  he  has  mentioned  as  having  this  peculiar  fovea,  so  have  included  them  in 
my  tabulation  as  he  has  described  them. 

As  a  rule  but  one  fovea  is  present,  but  twelve  birds  have  been  examined  in 
which  two  distinct  fovea*  have  been  found.  Chievitz  has  described  some  as  having 
also  a  trough-like  fovea.  A  double  fovea  has  been  discovered  only  in  birds. 
Among  those  which  I  have  found  to  possess  double  fovea?  are  three  species  of 
hawks,  the  white-bellied  swallow,  the  common  tern  and  the  kingfisher. 

The  position  of  the  fovea  may  be  either  on  the  nasal  side  of  the  entrance  of 
the  optic  nerve  (fovea  nasalis),  as  in  most  birds,  or  it  may  be  situated  on  the 
temporal  side  (fovea  temporalis)  as  in  man  and  the  owls.     The  fovea  nasalii 
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occupies  about  the  central  point  of  the  retina  and  functions  only  in  monocular 
Tision.  The  temporal  fovea  functions  in  binocular  vision.  In  man  it  is 
located  about  the  center  of  the  retina,  but  in  the  owl  it  is  some  distance 
to  the  temporal  side  of  the  center.  In  the  case  of  two  foveip,  the  one 
at  the  center  of  the  retina  (fovea  nasalis)  functions  in  monocular  vision;  the 
other  (fovea  temporalis)  corresponds  in  position  to  that  of  the  owl,  and  functionSi 
likewise,  in  binocular  vuion.  If  a  trough-like  fovea  is  present  it  would  function 
in  acts  of  sight  anywhere  between  monocular  and  binocular  vision. 

The  area  centralis  also  has  a  variety  of  forms,  number  and  positions  corre- 
sponding to  those  of  the  fovea  and  similarly  named.  A  simple  fovea  is  always 
surrounded  by  a  round  area  which  is  frequently  on  or  in  a  band-like  area  extending 
horizontally  across  the  retina.  If  a  trough-like  fovea  should  be  present  it  would 
lie  along  a  band-like  area.  Frequently  when  two  foveas  are  present  the  areas 
surrounding  each  are  connected  by  a  band-like  area. 

•  We  may  thus  have  various  combinations  of  area  and  fovea.  The  most  com- 
mon is  a  simple  fovea  surrounded  by  a  round  area.  Further,  this  round  area 
may  W  continuous  with  a  band-like  one.  Or  two  fovea;  may  each  be  surrounded 
by  a  round  area,  one  of  which  may  be  continuous  with  a  band-like  area,  or  each 
mav  be  so  connected. 
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When  one  considers  the  prevalence  of  a  fovea  in  the  different  vertebrates  he 
finds  that,  though  each  class  has  representatives  which  possess  a  fovea,  by  far  the 
greater  number  have  only  an  area  centralis.  Many  have  been  examined  in  which 
not  even  an  area  has  been  observed. 

The  following  tabulation  represents  in  a  condensed  form  the  results,  so  far  as 
I  have  been  able  to  collect  them,  of  all  investigations  up  to  the  present  time: 
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Of  all  the  animals  which  I  have  been  able  to  tabulate  (227  species)  no  area 
was  found  in  20,  a  round  area  was  perceived  in  ISSy  and  a  band-like  area  in  o5. 
Of  this  number,  120  possessed  a  simple  fovea,  12  a  double  fovea,  and  according 
to  Chievitz  2o  had  a  through-like  fovea. 

Mammals  do  not  as  a  rule  possess  a  fovea,  but  generally  have  an  area.  Of 
the  ol  species  tabulated  10  were  found  in  which  no  area  was  demonstrated ;  33 
had  a  round  area  and  eight  a  band-like  area.  Only  18  species  (all  primates)  pos- 
sessed a  well-detined  fovea. 

In  the  104  birds  all  had  a  clear  fovea  excepting  one,  the  common  chicken. 
Why  the  chicken  does  not  have  a  fovea  when  it  is  present  in  all  the  nearest  allied 
forms  reiuains  a  query.  A  round  area  was  found  in  every  case,  and  in  36  a  band- 
like area  wan  also  observed.  Ninety-one  had  a  simple  fovea,  twelve  double 
fovea,  and  twenty-two  the  questionable  trough-like  fovea. 

Among  reptiles  a  well-defined  fovea  has  generally  been  found  in  the  lizards 
and  crocodiles,  but  it  has  not  been  observed  in  the  snakes  and  turtles.  Of  the 
twenty-eight  species  examined  only  three  were  found  which  did  not  possess  an 
area,  while  twenty-three  had  a  round  area  and  three  band-like  ones.  A  round 
fovea  was  seen  in  the  lizards  tabulated  and  a  trough-like  fovea  in  the  crocodiles. 

A  fovea  has  been  observed  in  only  two  of  the  fourteen  amphibians  tabulated. 
Chievitz  reports  a  trough-like  fovea  in  Bufo  ealamiia  and  Hulke  a  simple  fovea 
in  Bvfo  vnlgnriji,  I  have  not  found  a  fovea  in  any  of  the  amphibians  which  I 
have  examined.  In  the  tabulation,  three  of  the  number  had  no  area,  three  ha<l 
u  round  area,  and  eight  possessed  a  band-like  one.  I  have  found  the  band-like 
area  common  to  frogs  and  toads. 

In  fishes  the  absence  of  a  fovea  is  the  rule.  In  the  thirty  species  given  a 
fovea  was  observed  in  but  five,  and  no  area  in  ten.  In  these  ten,  however,  the 
material  at  hand  was  not  sufficient  to  warrant  a  definite  statement.  Of  the 
twenty-six  fishes  I  have  examined  only  one  was  found  with  a  fovea.  This  was  the 
pipe  fish  {Siphostama  fuscum). 

When  one  compares  the  retinas  in  the  different  vertebrates  he  finds  a 
marked  diversity.  A  great  difference  is  noticed  in  the  relative  thickness  of  the 
<iifferent  layers.  But  the  most  marked  change  is  noticed  in  the  rod  and  cone 
layer.  Comparing  the  diameter,  length,  shape  and  relative  number  of  the  rods  and 
cones  we  find  that  fishes,  frogs  and  mammals  possess  the  longest  rods.  In  mam- 
mals the  rods  have  the  smallest  diameter,  and  in  frogs  the  greatest  of  any  of  the 
vertebrates.  In  birds  they  are  comparatively  short  and  thick.  The  cones  are  the 
longest  in  some  of  the  reptiles  (chameleon)  and  of  greatest  diameter  in  am- 
phibians and  mammals.     They  have  about  the  same   length  in   birds  and  am- 
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phibiaoB,  while  in  fishes  they  are  the  shortest.  In  birds  the  diameter  of  the  cones 
approaches  very  closely  to  that  of  the  reptiles. 

When  one  is  comparing  the  sensitiveneas  of  the  retina  of  different  animals 
the  diameter  of  the  rods  and  cones  is  of  vast  importance.  For  since  these  sensi- 
tive elements  are  arrang^  close  together,  where  the  diameter  is  small  there  would 
be  more  per  given  area  and  a  more  sensitive  retina. 

The  relative  number  of  rods  and  cones  is  also  of  importance.  In  mammals 
and  amphibians  the  rods  far  surpass  the  cones  in  number.  In  birds,  with  few  ex- 
ceptions, the  reverse  is  true,  while  in  reptiles  few  or  no  rods  are  present.  In 
fishes  they  are  more  equally  divided. 

Inventigations  by  experiment  and  histological  examination  prove  that  the 
rods  are  more  sensitive  to  faint  impressions  than  the  cones,  but  that  the  cones 
have  the  greatest  power  of  discrimination  both  of  color  and  shade.  Most  n<M:- 
turnal  animals  that  have  been  examined  have  few  or  no  cones. 

Experiments  on  the  human  retina  show  that  the  fovea  has  the  power  of 
most  acute  vision,  and  that  the  power  of  distinct  vision  grows  rapidly  less  toward 
the  periphery.  We  may  thus  assume  that  in  other  animals  the  fovea,  which  has 
the  same  general  arrangement  of  retinal  elements  as  in  man,  when  present  bears 
the  same  relation  to  the  more  peripheral  parts.  The  human  macula,  though 
inferior  to  the  fovea,  sees  objects  more  distinctly  than  the  ))eripheral  parts,  and 
we  may  reasonably  say  that  in  general  the  area  centralis  bears  this  relation  to 
the  other  parts  of  the  retina. 

The  peripheral  part  serves  as  a  sentinel,  for  it  perceives  objects  in  motion 
more  easily  than  objects  at  rest.  Moving  objects  attract  all  animals  more  quickly 
than  stationary  ones,  and  this  is  especially  true  in  those  animals  whose  retinal 
development  has  not  proceeded  beyond  the  differentiation  of  an  area.  Only  thoee 
animals  which  possess  a  fovea  seem  to  have  the  power  of  quiet  and  close  dis- 
crimination of  an  object  at  rest. 

In  speaking  of  the  powers  of  sight  in  the  different  olaases  of  vertebrates,  I 
can  do  no  better  than  quote  from  the  original  article  of  which  the  foregoing  is  a 
summary. 

Fishes  as  a  rule  depend  upon  sight  for  their  food,  excepting  such  as  the 
shark,  which  depends  almost  wholly  on  its  smell.  This  class  of  vertebrates  does 
not,  however,  usually  possess  a  fovea. 

How  distinctly  they  see  we  can  not  say,  but  we  know  that  the  trout  quickly 
takes  the  fly  when  thrown  on  the  water,  or  the  pickerel  the  whirling  spoon  as  it  is 
drawn  before  it.  They  see  the  objects  while  in  motion  and  are  apparently  una- 
ble to  distinguish  them  from  the  real  article  of  food.     An  experience  in  fishing 
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confirms  the  fact  that  a  pickerel  will  not  bite  at  a  motionless  spoon-hook.  The 
retina  of  these  finh  has  simplj  a  thickening  or  area  at  the  axis  of  vision. 

A  somewhat  similar  experiment  can  be  tried  with  the  frog  or  toad.  If  one 
uttuchcs  a  bit  of  red  flannel,  a  green  leaf  or  any  other  small  object  to  a  thread 
and  dangles  it  before  a  frog  he  will  quickly  jump  for  it.  A  toad  may  be  fed  on 
meat  in  a  similar  way,  but  in  no  case  will  the  meat  be  taken  unless  it  is  in  mo- 
tion. Neither  do  these  animals  show  any  marked  power  of  discrimination  by 
sight.  They  will  jump  at  any  small  moving  object  and  are  apparently  not  able 
to  distinguish,  till  they  have  it  in  their  mouths,  whether  it  is  an  article  of  food 
or  a  pebble.  Investigations  again  show  the  presence  of  an  area  and  absence  of 
a  fovea. 

In  some  of  the  reptiles,  however,  a  marked  difference  in  power  of  discrimi- 
nation by  sight  is  noticed.  Experiments  were  made  wholly  on  a  small  lizard 
(  horned  toad ).  li  a  dead  Hy  were  put  before  him  when  he  was  hungry  he 
would  eye  it  closely  for  a  brief  time  then  quickly  take  it.  His  aim  was  also  cer- 
tain, never  missing  his  mark,  while  that  of  the  ordinary  toad  was  more  at  random, 
throwing  out  her  tongue  indiscriminately  at  moving  objects.  It  is  true  the  lizard 
was  attracted  more  by  a  live  and  moving  fly  than  by  a  dead,  motionless  one,  but 
he  also  had  the  power  of  perceiving  things  at  rest.  This  little  creature  pos- 
sessed a  sharp  and  well  defined  fovea. 

In  general,  bird's  eyes  are  almost  as  perfect  as  man's,  and,  likewise,  the  optic 
lobes  are  even  greater  in  proportion  to  the  size  of  the  body  than  that  of  man.  It 
is  true  that  the  bird  often  cati^hcs  flies  as  they  buzz  about,  but  it  also  inspects 
each  leaf  carefully  above  and  below  for  a  worm  or  bug  which  may  be  there  in 
hiding  and  which  it  seldom  fails  to  recognize.  The  hawk  as  it  soars  high  in  the 
heavens  sees  the  snake,  rat  or  mouse  in  the  grass  and  is  frequently  seen  to  dart 
and  secure  its  prey.  Very  acute  sight  is  present  in  all  birds  and  especially  in 
birds  of  prey. 

A  great  difference  exists  in  the  power  of  sight  in  mammals.  The  primates 
possess  the  power  of  most  acute  vision.  Many  of  the  mammals  depend  on  smell 
and  hearing  more  than  on  sight.  The  dog  picks  his  master  out  of  the  crowd  by 
smell,  so  does  the  sheep  her  lamb.  Sight  in  this  case  being  only  partial  recogni- 
tion and  they  are  not  sure  until  they  have  confirmed  their  sight  by  the  sense  of 
smell.  The  same  is  true  of  the  cow.  for  she  must  smell  of  the  strange  cow  when 
introduced  into  the  herd.  The  horse  is  cured  of  his  fright  by  smelling  of  the  ob- 
ject which  caused  it.  In  all  these  cases  we  find  a  motion  of  the  ears  showing  that 
the  animal  is  not  only  using  sight  and  smell  but  also  hearing.  Mammals  in  gen- 
eral do  not  recognize  a  man  by  sight  if  he  remains  quiet,  but  the  crow  easily  sees 
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him  and  does  nut  fail  to  distinguiHh  his  sticic  from  a  K^in.  The  do§f  looks  into 
jour  face,  but  you  can  not  tell  whether  he  is  looking  into  your  eyes  or  at  your 
mouth.  He  has  an  indefinite  gaze,  and,  like  most  mammals,  is  not  satisfied  with 
the  sense  of  sight  alone,  but  must  oonfirm  and  improve  with  the  sense  of  smell 
and  hearing. 

In  conclusion,  we  may  say,  that  though  all  animals  may  have  the  power  of 
accurate  observation,  yet  the  power  to  perceive  the  delicate  lines  and  shades  of 
an  object  distinctly  seems  to  reside  only  in  those  forms  whose  retinal  development 
has  reached  the  highest  stagi^,  that  is,  a  fovea  centralis. 
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